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ABSTRACT 

A study was conducted t o  determine if t h e  two sockeye salmon (Oncorhynchus 
nerka) s tocks o f  the  Chign ik  Lakes i n  Alaska cou ld  be i d e n t i f i e d  by a n a l y s i s  
of  t h e i r  sca le  pa t t e rns .  C i r c u l i  counts and l i n e a r  measurements i n  t he  
l a c u s t r i n e  zone of sca les and l i n e a r  d i s c r i m i n a n t  f unc t i ons  were used t o  
es t ima te  t h e  p r o p o r t i o n  of each s tock  p resen t  i n  samples o f  mixed s tock  compo- 
s i t i o n .  A procedure f o r  es t ima t i ng  the  t o t a l  catch and escapement o f  each 
s tock,  and t he  age composi t ion o f  each component, from age -spec i f i c  s tock  
composi t ion est imates was developed and a p p l i e d  t o  the 1978-1982 Ch ign ik  
sockeye salmon runs.  The advantages o f  t h i s  procedure over t h e  c u r r e n t  method 
o f  separa t ing  t he  Chign ik  sockeye salmon s tocks w i t h  an average t ime -o f -en t r y  
curve are:  (1):estimates a r e  yea r - spec i f i c ;  ( 2 )  i t  separates t h e  r u n  by nur-  
se ry  l ake  s tock;  and ( 3 )  i t  recognizes d i f f e r e n c e s  i n  t he  age composi t ion of 
each s tock .  However, spec ia l i zed  equipment and more e f f o r t  a re  r e q u i r e d  f o r  
t he  new procedure. 

An in-season procedure f o r  e s t i m a t i n g  t h e  s tock  composi t ion o f  the  Ch ign ik  
sockeye salmon run  w i t h  l i n e a r  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  o f  sca le  p a t t e r n s  
was developed, a l so .  For t he  in-season ana l ys i s ,  t he  age 2.2 Chign ik  Lake 
s tandard f rom t h e  year  preceding the year  o f  a n a l y s i s  was used t o  represen t  
t h e  age 2.3 Chign ik  Lake standard. The cumulat ive Black Lake and Chign ik  Lake 
escapement est imates f o r  t h e  1979, 1981, and 1982 in-season analyses were ve ry  
s i m i l a r  t o  t h e  post-season est imates.  I n  1980, t he re  was a  d i f f e r e n c e  o f  
approx imate ly  150,000 f i s h  between t he  two est imates.  Fu r the r  e v a l u a t i o n  of 
t h e  i n-season procedure i s  requ i red .  

KEY WORDS: Sockeye salmon, Oncorhynchus nerka, sca le  p a t t e r n  ana l ys i s ,  salmon 
s tock i d e n t i f i c a t i o n ,  Chign i  k  sockeye run.  



INTRODUCTION 

The identification of stocks1 of Pacific salmon (genus ~ n c o r h ~ n c h u s )  by analysis 
of scale patterns has become a common procedure for estimating the proportion of 
different  stocks present in areas of intermingling. Previous scale pattern 
studies have identified Pacific salmon stocks separated by 1 ong  distances. Anas 
and Murai (1969) used scale patterns t o  determine the continent of origin of 
sockeye salmon caught in the North Pacific Ocean and Bering Sea. Major e t  a l .  
(1975; 1977a; 1977b) performed a similar analysis of chinook salmon caught in 
the Bering Sea and the North Pacific Ocean. Other studies have shown that  salmon 
stocks encompassing broad regional areas can be distinguished by scale growth 
patterns. The contribution of the Kamchatka Peninsula, Bristol Bay, Gulf of  
Alaska, and Southeastern Alaska stocks to the fishery in the North Pacific Ocean 
has been estimated for sockeye salmon (Marshal 1 e t  a1 . 1978; Knudsen and Harris 
1982) and coho salmon (Myers e t  a l .  1981 ) by scale pattern recognition techniques. 

Scale patterns have been used t o  separate salmon stocks within a region, also. 
Cook and Lord (1978) identified the river of origin of sockeye salmon from three 
systems in Bristol Bay. The Alaska Department of Fish and Game ( A D F & G )  has appor- 
tioned the annual sockeye salmon catches in Cook Inlet  t o  the four major contri- 
buting river systems by scale pattern analyses since 1977 (Bethe and Krasnowski 
1979; Bethe e t  a1 . 1980; Cross e t  a1 . 7981 ; 1982; 1983). Other studies by ADF&G 
have identified the river of origin of sockeye salmon in the Lynn Canal fishery 
(Marshall e t  a l .  1982) and chum salmon in the Excursion Inlet  fishery (McGregor 
and  Farshall 1982). 

Most analyses of Pacific salmon by scale patterns have separated f ish from differ-  
ent regions or r iver  systems. There have been few studies which separated salmon 
originating within a single river or lake system. In systems where there are 
discrete stocks contributing t o  the total  run, e f f ic ien t  management requires that  
these stocks be identified in the catch and escapement. One analysis of th is  
type was by Henry (1961) for  the Fraser River sockeye salmon run in British 
Columbia. He identified the stocks of sockeye salmon in the Fraser River using 
scale patterns formed during the freshwater residence of the f i sh .  The resul ts  
were then used t o  regulate the fishery to ensure tha t  the escapement goal for  
each stock was met. 

Another system for  which the identification of the stocks contributing to the run 
has been demonstrated important to  management i s  the Chignik lakes in Alaska. 
The Chignik lakes watershed is  located 274 km west of Kodiak Island on the south 
side of the Alaska Peninsula (Figure 1 ) .  The sockeye salmon run to  th is  system 
i s  the largest in Alaska outside of Bristol Bay (average return of 2.03 million 
fish during 1973-1982). Effective management of the Chignik sockeye salmon run 
requires that  the two major stocks contributing to the run be identified in the 

Stock refers to  a l l  fish originating from the same geographic area. Therefore, 
a stock can include a1 1 salmon from a large geographic area, for  example, the 
Kamchatka Peninsula stock, or to  f ish originating from a more localized area, 
such as the Iliamna Lake stock. 



Figure  1. Map of the Alaska Peninsula showing the  Chignik Management area, 
w i t h  an i n s e t  o f  western Alaska. 



ca tch  and escapement because each s tock  has a  d i f f e r e n t  spawner - rec ru i t  r e l a -  
t i o n s h i p  and t h e r e  a re  d i f f e r e n t  optimum escapement goa ls  f o r  each s tock .  

The s tudy  o b j e c t i v e  was t o  eva lua te  t he  a p p l i c a t i o n  o f  s ca le  p a t t e r n  a n a l y s i s  
methods t o  t h e  management problems p e c u l i a r  t o  t h e  Ch ign ik  system. Marsha l l  e t  
a1 . (1980) were a b l e  t o  separate  one age c l a s s  i n  1978 sockeye salmon r e t u r n  t o  
Ch ign ik  by spawning r u n  us ing  f reshwate r  sca le  p a t t e r n s .  Can a  s i m i l a r  a n a l y s i s  
be a p p l i e d  t o  o t h e r  age c lasses  i n  t h e  r u n  a l l o w i n g  t h e  two s tocks t o  be accur-  
a t e l y  i d e n t i f i e d  by sca le  p a t t e r n  analyses on an annual bas i s?  I f  so, does t he  
sca le  p a t t e r n  method p rov i de  s u f f i c i e n t  advantages over t he  c u r r e n t  method of 
separa t ing  t h e  s tocks  t o  war ran t  r e p l a c i n g  i t ?  A  background f o r  t h i s  r e p o r t  i s  
p rov ided  i n  t h e  f o l l o w i n g  sec t i ons  by a  b r i e f  d e s c r i p t i o n  o f  t h e  watershed and 
a  l i t e r a t u r e  rev iew o f  p rev ious  sockeye salmon research a t  Chign ik .  

D e s c r i p t i o n  o f  t h e  Ch ign ik  Lakes Watershed 

The Ch ign ik  lakes  watershed forms a  n a t u r a l  nor thwest -southeast  pass through t h e  
A l e u t i a n  Mountain Range on t he  Alaska Peninsu la .  The watershed covers 1,520 km2 
and c o n s i s t s  of two lakes  and t h e i r  t r i b u t a r i e s ,  an upper r i v e r  connect ing t h e  
two lakes,  and a  lower  r i v e r  emptying i n t o  a  s a l t w a t e r  lagoon (F i gu re  2 ) .  Phys i -  
c a l  c h a r a c t e r i s t i c s  o f  t h e  two l akes  a r e  summarized i n  Table  1.  

B lack Lake and Ch ign ik  Lake a r e  p h y s i c a l l y  d i s s i m i l a r .  B lack Lake i s  sha l low,  
warms r a p i d l y  i n  t h e  sp r ing ,  and i s  u s u a l l y  t u r b i d  th roughou t  t h e  summer. Ma jo r  
sockeye salmon spawning areas a re  i n  t h e  A lec  R i v e r  and Fan Creek t r i b u t a r i e s  t o  
t h e  lake .  Ch ign ik  Lake, because o f  i t s  sma l l e r  su r face  area b u t  much g r e a t e r  
volume, does n o t  exper ience t h e  r a p i d  temperature changes o f  B lack  Lake. I t  
warms more s l o w l y  i n  t h e  s p r i n g  and becomes i c e - f r e e  between two and f o u r  weeks 
l a t e r  than B lack  Lake. Three t r i b u t a r i e s  t o  Ch ign ik  Lake a re  impo r tan t  sockeye 
salmon spawning grounds: C la r k  R ive r ,  Home Creek, and Cucumber Creek. I n  add i -  
t i o n ,  ex tens i ve  beach spawning occurs  a t  Hatchery Beach. A more d e t a i l e d  des- 
c r i p t i o n  o f  t h e  Chign i  k  l akes  i s  p rov ided  by Narver (1966). 

The two l akes  a re  connected by  B lack  R i v e r  (12 km l o n g ) ,  which has impo r tan t  
spawning areas i n  t h e  West Fork and Chiaktuak Creek t r i b u t a r i e s .  Ch ign ik  Lake 
i s  d ra ined  by Ch ign ik  R i v e r  which empt ies i n t o  a  n e a r l y  enc losed es tuary ,  Ch ign ik  
Lagoon. The lagoon covers about 42 km2 a t  h i gh  t i d e ,  b u t  a t  l ow t i d e  h a l f  t h i s  
area i s  exposed as mud f l a t s  (Dahlberg 1968). 

B lack  and Ch ign ik  Lakes a r e  two o f  t h e  most b i o l o g i c a l l y  p r o d u c t i v e  l akes  i n  
Alaska. They were found t o  have t h e  h i g h e s t  pho tosyn the t i c  a c t i v i t y  and t h e  
g r e a t e s t  s t and ing  c rop  o f  phy top lank ton  o f  23 sockeye salmon nu rse ry  l akes  i n  
southwestern Alaska (Burgner e t  a1 . 1969). When compared t o  n i n e  o t h e r  ma jo r  
sockeye salmon produc ing systems i n  southwestern Alaska, t h e  Ch ign ik  system 
ranked second i n  number i n  spawners pe r  u n i t  su r face  area, f i r s t  i n  c h l o r o p h y l l  a  
p e r  u n i t  volume, second i n  t o t a l  d i s s o l v e d  s o l i d s ,  and t h e  system had t h e  highes? 
concen t ra t i on  o f  a  number o f  t r a c e  elements (Burgner, e t  a l .  1969).  

Review o f  Sockeye Salmon Research a t  Ch ign ik  

I n v e s t i g a t i o n  of t h e  Ch ign ik  sockeye salmon r u n  began i n  1922 when a  w e i r  was 
cons t ruc ted  on t h e  Ch ign ik  R i v e r  t o  enumerate t h e  escapement. The w e i r  was 



Figure  2 .  Map o f  Chignik  watershed. 



Table 1. Summary o f  the physical charac te r i s t i c s  o f  Black Lake and Chigni k 
Lake ( a f t e r  Da hl berg 1968).  

-- 
Black Chignik 
Lake - Lake - 

2 Surface a r e a  (km ) 41.1 22.7 

Mean depth (m) 3 2 9 

Maximum depth (m) 6 

3 Volume (km ) 0.10 

Sockeye salmon 
spawning area'  

40 km t r i b u t a r y  
streams 

35 km t r i b u t a r y  
streams, 5 km 
beach 

Source: Narver 1966. 



erected annually between 1922 and 1937, and in 1939. The early research a t  
Chignik was directed by C . H .  Gilbert. I t  consisted of collecting scale samples 
from the fishery and enumerating the sockeye salmon catch and escapement. 
Between 1928 and 1933 research a t  Chignik was conducted by Harlan Holmes. He 
continued the ear l ie r  phases of the research and began new investigations o f  
the freshwater l i f e  history of the sockeye salmon in the Chignik lakes. I t  
became evident to  investigators during th is  period that the sockeye salmon run 
t o  Chignik had more than a single component. Higgins (1932) reported, 

"The overlapping of two or more such independent runs gives the general 
run a complex and constantly changing age composition. This complexity 
apparently i s  increased by the existence of two independent races of red 
salmon supported by the spawning grounds of the two lakes in the Chignik 
system. " 

Further research on the presence of two stocks revealed tha t ,  in addition to 
spawning in different parts of the Chignik system, the stocks differed signi- 
f icant ly in time of spawning migration, length of freshwater residence as juve- 
ni les ,  and age a t  maturity (Higgins 1934). Budget restr ic t ions a f t e r  1933 
curtailed the research ef for t  a t  Chignik to  the routine data collection of 
ea r l i e r  years. From 1940 t o  1947 the sockeye salmon run a t  Chignik was not 
monitored. Although routine data collection began again in 1948, there was 
no sustained research e f fo r t  a t  Chignik until 1955. 

An extensive research e f fo r t  a t  Chignik was in i t ia ted  in 1955 in response to  
growing concern by the Chignik fishing industry for the decline of the sockeye 
salmon run from previous levels of abundance. The total  sockeye salmon return 
(catch plus escapement) declined from an average return of 1.86 million f ish 
during the period 1922-1939, to an average return of only 0.81 million fish from 
1949 to  1966 (Dahl berg 1968). The research program begun in 1955 was conducted 
by the Fisheries Research Ins t i tu te  ( F R I )  of the University of Washington with 
funding from the Chignik salmon canners. FRI has conducted research a t  Chignik 
annually since that  time. 

Research during the f i r s t  f ive years of the program consisted s f  studies of the 
age composition of the runs, annual estimation of the number of smolt outmigratinq, 
and an investigation of predation on juvenile sockeye salmon by Do1 ly Varden and 
coho salmon (Roos 1959; 1960a; 1960b). In 1961, the Alaska Department of Fish 
and Game assumed management control of the Chignik r u n  and since then research 
a t  Chignik has been a cooperative e f for t  by FRI and ADF&G.  

Major advancements in understanding the dynamics of the Chiqnik sockeye salmon 
were made during the 1960s. Narver (1963) identified the spawning groups of 
the Chignik system by lacustrine scale pattern, time of entry into the system, 
time of spawning, and location of spawning (Tab1 e 2 ) .  Narver confirmed previous 
observations that the f i r s t  segment of the Chignik sockeye salmon run, entering 
during June, consisted of adults bound primarily for  spawning grounds in the 
t r ibutar ies  to Black Lake and Black River. The segment of the run entering the 
system in July and August proved to be dominated by adults enroute to  Chigni k 
Lake spawning grounds. This explained the two peaks in abundance usually observed 
in the Chignik run, one occurring in June and the other in July. Narver found 
tha t ,  although the age composition of adults on the spawning grounds of the two 
lakes varied annually, most adults on Black Lake spawning grounds had spent one 



Table 2. The ma jo r  spawning groups o f  t h e  Ch ign ik  sockeye salmon r u n  determined by geographic area, t ime 
o f  en t r y ,  t ime  o f  spawning, l o c a t i o n  o f  spawning, and l o c a t i o n  o f  r e a r i n g  ( a f t e r  Narver 1963; 
1966). 

Group Time of Spawning c h a r a c t e r i s t i c s  
( Run ) e n t r y  Time Loca t ion  

Rearing 
a r e a  

Rela t.ive 
importance 

Black Lake 6/10-7/20 7/25-8/20 Alec R.  system, Black L., age I Major 
( e a r l y )  (peak 6 / 2 0 )  (peak 8 / 5 )  Fan C r .  Chignik L ., age I1 

Black  Lake 6/25-Aug. 8/20-Sept. Alec R., some Unknown 
( l a t e  Black L . beaches 

Minor 

Black River  6110-7/20 7/25-8/20 W., Fo rk ,  Chiaktuak Chignik  L. Major 
( e a r l y  (peak 6/20)  (peak 8 / 5 )  C r  ., Bearskin  C r .  

Black River  6 /  25-Aug. 8 /  20-Oct. W. Fork ,  Chiaktuak Chignik  L. 
( l a t e )  C r  ., Bearskin  C r .  

Var ies  

C h i g n i k L a k e  6/10-7/20 715-8120 Chignik  L .  beach Chignik  L. Minor 
( e a r l y )  (peak 6 /20)  (peak 8 /51  spawning 

ChignikLake 6/25-Sept. 8/20-Oct. Hatchery  Beach, Clark  Chignik  L. 
( l a t e )  (peak v a r i e s )  (peak e a r l y  R . ,  Home C r  . , Cucumber 

S e p t  .) C r  . 
Major 



year  i n  f reshwate r  res idence (age I )  as j u v e n i l e s ,  w h i l e  a  m a j o r i t y  of a d u l t s  
on Chign ik  Lake spawning areas had spent two years  i n  f reshwate r  res idence  
(age 11). Other impor tan t  c o n t r i b u t i o n s  by Narver (1963) conf i rmed e a r l i e r  
evidence t h a t  progeny from B lack  R i v e r  t r i b u t a r y  spawning r e a r  i n  Chign ik  Lake 
and t h a t ,  i n  some years ,  t h e r e  i s  a  l a r g e  m i g r a t i o n  o f  f r y  from Black Lake t o  
Chign ik  Lake. As p a r t  of these s tud ies ,  Narver a l s o  developed a  c o n s i s t e n t  and 
o b j e c t i v e  method f o r  measuring t h e  l a c u s t r i n e  p o r t i o n  o f  sockeye salmon sca les.  

There were a  number of ways t h e  sockeye salmon s tocks o f  t h e  Ch ign ik  system 
cou ld  be def ined f rom N a r v e r ' s  d e s c r i p t i o n  o f  t he  spawning groups. The d e f i -  
n i t i o n  commonly used by researchers  i n  l a t e r  years  c l a s s i f i e d  t h e  s tocks  accord- 
i n g  t o  t he  l a k e  of  res idence as j u v e n i l e s .  Thus, f i s h  were c l a s s i f i e d  as belong- 
i n g  t o  e i t h e r  t h e  Black Lake s tock o r  t he  Chign ik  Lake s tock .  I n  years  when a  
p o r t i o n  o f  t he  B lack  Lake f r y  emigrated t o  Chign ik  Lake, t h e  emiqrants  were s t i l l  
cons idered t o  be long t o  t h e  B lack  Lake s tock  because they  had i n i t i a l l y  en te red  
B lack  Lake a f t e r  l e a v i n g  t he  spawning grounds. Th i s  d e f i n i t i o n  o f  t h e  s tocks  i s  
t he  one adopted f o r  t h i s  r e p o r t .  

I n  response t o  evidence i n d i c a t i n g  t h a t  t h e  d e c l i n e  o f  t h e  sockeye salmon r u n  
a t  Ch ign ik  was due t o  an improper d i s t r i b u t i o n  o f  t h e  escapement t o  t h e  spawning 
grounds o f  each l a k e  (Narver 1963), research i n  succeeding years  was d i r e c t e d  
toward de te rmin ing  the  optimum escapement f o r  each lake .  Independent es t imates  
o f  t h e  opt in~um escapements were de r i ved  by Narver  ( 1  966) and Dahl berg (1  968). 
Narver es t imated  t he  c a r r y i n g  c a p a c i t y  o f  each nursery  l a k e  f o r  sockeye salmon 
f ry  and then determined t he  number o f  a d u l t s  needed on each l a k e ' s  spawning 
grounds t o  produce t h e  d e s i r e d  number o f  fry. H i s  optimum escapement es t imates  
were 411,000 a d u l t s  f o r  B lack  Lake spawning areas and approx imate ly  200,000 f o r  
Chign i  k  Lake spawning grounds. Dahl berg de r i ved  h i  s  optimum escapement es t imates  
by develop ing convent iona l  spawner - rec ru i t  r e l a t i o n s h i p s .  He examined these r e l a -  
t i o n s h i p s  i n  t h e  h i s t o r i c  r u n  da ta  f o r  t h e  pe r i ods  1922-1939 and 1949-1966. Dahl- 
berg es t imated  t h a t  t h e  optimum escapements were 400,000 and 200,000 f o r  B lack 
Lake and Ch ign ik  Lake, r e s p e c t i v e l y .  The agreement between these two v e r y  d i f f e r -  
e n t  approaches t o  t he  problem i s  remarkable.  

I n  o rde r  t o  c a l c u a l t e  t h e  spawner - rec ru i t  r e l a t i o n s h i p s  d u r i n g  t h e  two pe r i ods  
examined, i t  was necessary f o r  Dahlberg t o  separate  t he  annual sockeye salmon 
r e t u r n  i n t o  i t s  component s tocks,  B lack  Lake and Ch ign ik  Lake. Enumerating t h e  
ca tch  and escapement o f  each s tock  was compl icated because b o t h  pass through t h e  
same f i s h i n g  area and t r u n k  stream (Ch ign ik  R i v e r )  as t h e y  r e t u r n  t o  spawn and 
t h e i r  t imes of passage over lap .  The technique Dahlberg dev ised f o r  sepa ra t i ng  
t h e  two s tocks i s  s t i l l  be ina  used and, s i n c e  an o b j e c t i v e  o f  t h i s  r e p o r t  i s  t o  
compare t h e  c u r r e n t  method w i t h  a  technique developed l a t e r  i n  t h e  r e p o r t ,  a  more 
d e t a i l e d  d e s c r i p t i o n  of Dah lberg 's  method w i l l  be presented.  

The Dahlberg technique was based on t agg ing  s t u d i e s  conducted f rom 1962 t o  1966. 
Petersen d i s k  tags  were p laced on approx imate ly  250 sockeye salmon caught i n  
Ch ign ik  Lagoon o r  a t  t he  coun t i ng  w e i r  d u r i n g  each o f  f i v e  o r  s i x  s a m ~ l i n g  days 
i n t e r spe rsed  throughout  t h e  main p o r t i o n  o f  t h e  r u n  (June and J u l y ) .  Unique t a g  
c o l o r  combinat ions were a p p l i e d  a t  each t agg ing  sess ion t o  i d e n t i f y  each day. 
The recovery  e f f o r t  cons i s t ed  o f  coun t ing  t h e  d i f f e r e n t  c o l o r  combinat ions p resen t  
on t h e  f i s h  i n  a  spawning area d u r i n g  a  s i n g l e  f o o t  survey o f  each ma jo r  spawning 
ground a t  t h e  peak o f  spawning. The observed tags were then c l a s s i f i e d  as belong- 



ing t o  e i ther  early season or l a t e  season spawners (see Table 2 )  and the rela- 
t ive proportion of each group present on each tagging date calculated. 

Dahlberg's division of the run into early season and l a t e  season spawners did 
not s t r i c t l y  correspond to a division by stocks. A l t h o u g h  most of the early- 
season spawners belonged to the Black Lake stock, a portion of them would spawn 
in Black River t r ibutar ies  and their  progeny rear in Chignik Lake. Therefore, 
the two components of Dahlberg's division of the run were termed early run and 
l a t e  run. The problems associated with th is  method of division will be discussed 
la te r .  

The tagging data for  each year was then f i t  to  a logis t ic  curve using the model 

where 

p  = the proportion of l a t e  run spawners, 

I - p  = the proportion of early run spawners, 

e = the base of Naperian logarithms, 

t = the coded time (ser ial  day), and 

a and b = parameters estimated from a year 's  tagging data. 

The values of  a and b were estimated by l inear  regression using the transformed 
equation 

with p and t defined as above. A time-of-entry ( T O E )  curve typical of those 
calculated in Dahlberg's analysis i s  presented in Figure 3. He found that  the 
entry pattern of the runs (shape of the curves) during 1962-1966 were similar,  
b u t  the actual time-of-entry (the position of the curves) changed between years. 
During the years of the study there was a ten day difference between the inflec- 
tion points of the ea r l i e s t  and l a t e s t  TOE curves observed. 

Using each year-specifi c TOE curve, the sockeye salmon runs to Chigni k during 
the years 1962-1966 could be separated into early run and l a t e  run components. 
To separate the r u n  by stocks, however, an adjustment was necessary in each year 
of taqging to  account for the portion of the early run enroute to  Black River 
spawning grounds. This was done by using aerial surveys to  estimate the pro- 
portion of the early run spawning in Black River spawning areas. The portion of 
the run defined as early spawners by the TOE curve was then corrected by removing 
the estimated Black River component, which gave an estimate of the Black Lake 
stock. 



Figure 3. Example o f  a typical time-of-entry ( T O E )  curve calculated during the period 1962-1966. 



I t  was a1 so necessary t o  es t imate  t he  age composi t i o n  o f  each s tock .  To do 
t h i s ,  the  sca le  samples c o l l e c t e d  p e r i o d i c a l l y  throughout t h e  run  i n  Chign i  k  
Lagoon o r  a t  t he  coun t ing  w e i r  were used. The age composit ion of the run  was 
determined f o r  each sample date and the  age composit ion o f  the  run  on days 
between sampling was est imated by l i n e a r  i n t e r p o l a t i o n .  

To est imate t h e  t o t a l  r e t u r n  o f  each s tock  and i t s  age composi t ion f o r  the 
years 1962-1 966, Dahl berg ' s  procedure was t o :  

1. Separate t he  sockeye salmon abundance (ca tch  and escapement) f o r  
each day o f  t h e  r u n  i n t o  e a r l y  r u n  and l a t e  run  components us ing  
the year-speci  f i c  TOE curve. 

2. Apply the  age composi t ion est imated f o r  each day t o  t he  number 
est imated f o r  t he  e a r l y  r u n  and l a t e  run. 

3. Sum by age and by e a r l y  o r  l a t e  r u n  f o r  each day of  t h e  run.  

4. Cor rec t  t h e  f i n a l  e a r l y  r u n  and l a t e  r u n  t o t a l s  by t he  est imated 
c o n t r i b u t i o n  o f  B lack R i v e r  spawners t o  t he  e a r l y  run.  

Th is  gave an es t imate  o f  the t o t a l  number and age composi t ion o f  each s tock ,  
B lack Lake and Chign i  k Lake, i n  t he  t o t a l  run .  To es t imate  t h e  s tock  composi- 
t i o n  of  the  runs p r i o r  t o  1962 Dahlberg used a  TOE curve which was an average 
of  t h e  f i v e  curves c a l c u l a t e d  from the  1962-1966 tagg ing  data.  He est imated 
t h a t  t he  average Black R i ve r  c o n t r i b u t i o n  t o  the  e a r l y  r u n  i n  those years  was 
13% of i t s  t o t a l .  Dahlberg then  est imated t he  number o f  each s tock  and i t s  age 
composi t ion i n  the years p r i o r  t o  1962 us ing  the procedure descr ibed above. 
Th i s  a1 lowed him t o  determine spawner-recrui t r e l a t i o n s h i p s  d u r i  nq the  two per-  
iods  p r e v i o u s l y  mentioned. 

The tagg ing  s tud ies  t o  determine a  y e a r - s p e c i f i c  TOE curve were cont inued f o r  
t h ree  more years  before ending i n  1970. I n  t he  years  s ince  1969 an average 
curve, us i ng  t he  curves c a l c u l a t e d  f rom 1962-1969, has been used t o  separate 
t he  t o t a l  r e t u r n  i n t o  i t s  e a r l y  and l a t e  r u n  components. The range o f  TOE 
curves c a l c u l a t e d  du r i ng  t h a t  p e r i o d  and t h e  average curve used s i nce  then a r e  
shown i n  F igure  4. Occas ional ly ,  i n  t h e  years  s i nce  1969, t he  p o s i t i o n  o f  the  
average TOE curve has been s h i f t e d  t o  account f o r  d i f f e r e n c e s  i n  the  t i m i n g  of 
t h e  r u n  as perce ived  by t h e  management b i o l o g i s t ,  b u t  t he  bas i c  procedure f o r  
separa t ing  t he  r u n  by s tock  has remained t h e  same. 

Al though i t  prov ided  an e a r l y ,  economical technique f o r  es t ima t i ng  t he  t o t a l  
number and age compositon o f  each s tock  i n  t h e  Ch ign ik  sockeye salmon run,  
researchers i n  subsequent years became aware o f  t h e  l i m i t a t i o n s  o f  Dahlberg 's  
method. A major  problem w i t h  t h e  Dahlberg procedure concerned t he  method of  
e s t i m a t i n g  t he  age composi t ion o f  each s tock .  Dur ing the  p e r i o d  when bo th  
s tocks were p resen t  i n  t he  catch and escapement, u s u a l l y  f rom mid-June t o  mid- 
J u l y ,  the  age composi t ion samples c o l l e c t e d  were a  composite o f  bo th  t h e  Black 
Lake and Chign i  k  Lake stocks. Therefore,  t h e  samples d i d  n o t  a c c u r a t e l y  r e f l e c t  
t he  t r u e  age composi t ion o f  e i t h e r  s tock.  When these age composi t ion es t imates  
were a p p l i e d  t o  t h e  es t imated  numbers o f  each run, t h e  d i f f e r e n c e  between t h e  
age composi t ion o f  t h e  Black Lake and Ch ign ik  Lake s tocks was moderated (Pa r r  
and Pedersen 1969; Burgner and Marshal 1  1974; Marshal1 and Burgner 1977). The 



Figure 4. Ear l i e s t  and l a t e s t  time-of-entry ( T O E )  curves observed during the period 1962-1969 and the 
average curve f o r  those years.  



problems w i t h  t he  age composi t ion est imated f o r  each s tock became apparent when 
the  age composi t ion of samples c o l l e c t e d  on t h e  spawning grounds was compared 
t o  t h a t  est imated by the  Dahlberg procedure. Al though t h e r e  a r e  problems w i t h  
a  d i r e c t  comparison of such data (see Discuss ion)  t he  d i f f e r e n c e s  observed were 
s t i l l  considered s i g n i f i c a n t .  Another problem w i t h  the  method us ing  t he  year-  
s p e c i f i c  TOE curves was the  assumption t h a t  the  recovery  e f f o r t  was uni form f o r  
a l l  major  spawning grounds. I n  most years o f  tagging t h i s  assumption was n o t  
met and a  g r e a t e r  recovery e f f o r t  \4as expended on Black Lake spawning areas. 
Th is  was compl icated f u r t h e r  by the few recover ies  f rom Chign ik  Lake beach spawn- 
i n g .  Pa r r  and Pedersen (1969) est imated t h a t  an unequal recovery e f f o r t  cou ld  
s h i f t  t he  p o s i t i o n  of t he  TOE curve by as many as f i v e  days. 

Research du r i ng  t h e  1970s explored o t h e r  methods o f  separa t ing  t he  Chign ik  sock- 
eye salmon s tocks b u t  no s a t i s f a c t o r y  s u b s t i t u t e  was found (Marshal1 and Burgner 
1977). Other impor tan t  c o n t r i b u t i o n s  t o  t h e  understanding o f  t h e  Ch ign ik  sockeye 
salmon run  from research du r i ng  t he  p e r i o d  1969-1979 were: ( 1 )  i t  was determined 
t h a t  Ch ign ik  Lagoon was an impor tan t  secondary r e a r i n g  area f o r  pos t -smo l t  sock- 
eye salmon (Phinney 1968); ( 2 )  t he  technique f o r  f o r e c a s t i n g  t he  r e t u r n  of each 
s tock one year  i n  advance was re f i ned  (Burgner and Marshal l  1974); and ( 3 )  t he  
d i f f i c u l t i e s  i n  ag ing  Chign i  k  sockeye salmon sca les were examined (Marshal 1  1977) 

Ob jec t i ves  of t h i s  Study 

The major  o b j e c t i v e  of  t h i s  study, as p r e v i o u s l y  s ta ted,  was t o  determine i f  the  
two sockeye salmon s tocks  o f  t h e  Chign ik  watershed cou ld  be i d e n t i f i e d  by t h e i r  
sca le  pa t t e rns .  The sampling procedures, a n a l y t i c a l  techniques, and method o f  
e s t i m a t i n g  t h e  d a i l y  age and s tock composi t ion o f  t h e  r u n  w i l l  be descr ibed i n  
the  f o l l o w i n g  sec t ion .  The sca le  p a t t e r n  method o f  separa t ing  t h e  s tocks was 
eva lua ted  by comparing i t  t o  the procedure c u r r e n t l y  used. 

A second o b j e c t i v e  was t o  determine i f  t h e  sca le  p a t t e r n  method cou ld  be a p p l i e d  
du r i ng  t h e  summer when t h e  r u n  was i n  progress. Th i s  in-season a p p l i c a t i o n  i s  
needed t o  es t ima te  the numbers o f  each s tock  i n  the  escapement, which i s  r e q u i r e d  
by t h e  management b i o l o g i s t  t o  ensure t h a t  the  escapement goal  f o r  each s tock  i s  
met. 

I n  a d d i t i o n ,  a  number of hypotheses concerning t h e  Chign ik  sockeye salmon run,  
some which have impor tan t  management i m p l i c a t i o n s ,  were t e s t e d  by sca le  p a t t e r n  
analyses. 

MATERIALS AND METHODS 

Th is  s tudy was i n i t i a t e d  i n  1981 and t h e  sca le  sampling e f f o r t s  a t  Chign ik  du r i ng  
t he  summers of  1981 and 1982 were designed t o  s a t i s f y  t he  requi rements o f  t h e  
study. To complete ly  eva l  ua te  t h e  sca le  p a t t e r n  technique and i t s  appl i c a t i o n s ,  
however, an a n a l y s i s  of more than two years  o f  data was des i red .  Fo r tuna te l y ,  
the  sca le  samples c o l l e c t e d  a t  Ch ign ik  du r i ng  1978, 1979, and 1980 were s u f f i c i e n t  
f o r  the  ana l ys i s .  The c o l l e c t i o n  o f  sca le  samples p r i o r  t o  1981 was occas iona l l y  
l e s s  f requent  than du r i ng  t he  years  o f  t h e  study, b u t  t h e r e  were no ser ious  d e f i -  
c i e n c i e s  i n  the  da ta .  Therefore,  t h e  post-season ana l ys i s  o f  t h e  Chign ik  r u n  by 



scale patterns was for the years 1978-1982. The in-season analysis presented 
other problems because of i t s  unique requirements. An in-season analysis was 
simulated for the years 1979-1981 and a n  actual in-season analysis was conducted 
in 1982. The next section of the report describes the procedures used in 1981 
and 1982 to collect the scales and prepare them for analysis. Similar proce- 
dures were used in 1978-1980 and any significant departures during those years 
is  noted. 

Coll  ection of Scale Samples and Preparation for Analysis 

A standard procedure was used to collect the sockeye salmon scales and prepare 
them for  analysis. The procedure used i s  the accepted method for salmon scale 
studies and i s  a n  adaptation of the procedures described in Koo (1955) and 
Clutter and Whitesel (1956). Briefly, the preferred scale,  or a scale near i t ,  
was removed from the l e f t  side of each f ish sampled. The preferred scale i s  
located on the diagonal scale column between the posterior edge of the dorsal 
f in  and the anterior edge of the anal f in  and i s  the second scale above the l a t -  
eral 1 ine (Clutter and Whitesel 1956). Scales of young salmon f i r s t  develop in 
this  area. Each scale was cleaned between the fingers,  moistened, and mounted 
on a gummed card. The sex and mideye-to-fork-of-tail length measured to the 
nearest millimeter was recorded for each f ish sampled on  an age-weight-length 
(AWL)  form. Thirty or 40 scales were mounted on each gummed card. Scales re- 
moved from outside the preferred area were noted on the AWL form b u t  prior to  
1981 th i s  was not done. A permanent impression of each gummed card was made in 
cellulose acetate. This allowed the image of each scale to be projected by 
transmitted l ight  for  aging and measuring purposes. 

A sample s ize of 200 scales i s  desired for age determination and scale measure- 
ment studies (Clutter and Whitesel 1956). The presence of regenerated or u n -  
readable scales in any sample requires that more than 200 scales be collected. 
To ensure that 200 scales were available for  analysis, approximately 300 scales 
were usually collected during each sampling session. Prior to 1981 smaller 
samples were occasionally collected. 

Most of the scale samples necessary for  th i s  study were collected a t  two loca- 
t ions,  Chigni k Lagoon and the out let  of Black Lake. Scale samples t o  monitor 
the age and stock composition of the run were periodically collected in Chignik 
Lagoon throughout June, July, and August. During the c r i t ica l  period of tran- 
si  tion from a majority of Black Lake stock in the run to  a majority of Chignik 
Lake stock, samples were usually collected about every third day. Scale samples 
were collected from catches delivered to  tenders in Chignik Lagoon when the 
commercial fishery was operating. Commercial fishing in the Chigni k matiage- 
ment area i s  exclusively by purse seine boats. Much of the fishing ef for t  for  
the area i s  concentrated in Chignik Lagoon where between 50 and 70 boats oper- 
a te  during the height of the run. When the fishery was closed and scale samples 
were needed, ADF&G chartered a vessel for a t e s t  fishery to col lect  the necessary 
samples. The catches from two or three boats were usually subsampled when 
scales were collected on the tenders. The catches from two or three areas of 
the Lagoon were subsampled when a t e s t  fishery was conducted. 

Scale samples were routinely collected each year a t  the out let  of Black Lake 
(Figure 2 ) .  Marshal 1 and Burgner (1975) had prevfously found that  adults in 
the Black Lake escapement congregate in th i s  area for  extended periods of time 



before migrating to  Black Lake spawning grounds and could be sampled using a 
beach seine.  Approximately 1,200 scales were collected during four or f i ve  
sampling t r i p s  to t h i s  s i t e  during each year. Sampling the Black Lake escape- 
ment f o r  scales was res t r i c ted  t o  two or three weeks in June and ear ly  July 
because: ( 1 )  beach seining a t  the ou t l e t  was not productive unt i l  a t  l e a s t  
150,000 f i sh  had been counted past the weir on Chigni k River; and ( 2 )  scale 
samples collected a f t e r  the f i r s t  week of July had large numbers of scales  with 
resorbed margins which could not be used in the analys is .  

Age Determination of the Scale Samples - 

The d i f f i c u l t i e s  in determining the freshwater age of Chignik sockeye salmon 
from the i r  scales were recognized by the earl  i e s t  invest igators .  Higgins (1930) 
reported, "The scales present i r r egu l a r i t i e s  tha t  cannot be interpreted with 
ce r ta in ty  un t i l  a deta i led  study has been made of the growth of the f inger l ings  
and the development of t h e i r  scales.  " Problems with determining the freshwater 
age can be a t t r ibu ted  t o  three facets  of the freshwater l i f e  h is tory  of Chignik 
sockeye salmon: 

1. Newly emerged f ry  a r e  found in Chignik Lake throughout the summer and 
often the l a t e  emerging f ry  deposit only two or three c i r cu l i  before 
growth ceases. This usually r e su l t s  in an i nd i s t i nc t  f i r s t  annulus 
(Narver 1963; Phi nney 1948). 

2 .  In years of a large f ry  emigration from Black Lake t o  Chignik Lake, 
scales of the emi grants may exhibi t  confusing patterns (Marshal 1 
1977). 

3. Nearly a l l  smolts spend time in Chignik Lagoon and sometimes i t  i s  
d i f f i c u l t  to  dist inguish scale  growth which occurred in the lagoon 
from normal freshwater growth (Phinney 1968). 

As a r e s u l t ,  determining the freshwater age of many scales  i s  subject  t o  a great  
degree of individual in te rp re ta t ion .  Previous s tudies  have documented the high 
between-reader va r i ab i l i t y  in determining the freshwater age of Chignik sockeye 
salmon scales  (Narver 1963; Phinney 1968; Marshall and Burgner 1977). To e l i -  
minate t h i s  source of va r ia t ion ,  the author aged a l l  the scales  used in the study. 

To t e s t  i f  age in te rpre ta t ions  were consis tent  throughout the study, three large 
samples were re-aged about one year a f t e r  the i n i t i a l  readina and the age compo- 
s i t i o n s  compared. The samples re-aged were the 1978 and 1980 samples collected 
a t  the o u t l e t  of Black Lake and the 1980 samples collected in  Chignik Lagoon. 

Narver (1963) and Marshall (7977) had previously investigated the problems with 
in terpre t ing the l acus t r ine  annuli on Chignik sockeye salmon scales .  These 
s tudies  sampled the scales  of juveniles from spec i f i c  brood years throughout 
t h e i r  freshwater residence, from emergence t o  outmigration. By col lec t ing scales  
of known lacust r ine  age in each lake ,  they were able t o  examine the d i f fe ren t  
scale  patterns associated with each l acus t r ine  age group. This report  adapted 
the c r i t e r i a  established by these studies f o r  in terpre t ing the l acus t r ine  age. 
Narver's c r i t e r i a  f o r  designating l acus t r ine  annuli were: (1 any narrowing of 
c i rcu l i  and/or the space between c i r c u l i ;  and ( 2 )  "cutt ing over" of the f i r s t  
c i rculus  of the new year ' s  growth. Marshall concluded t ha t ,  i n  addit ion t o  these 



c r i t e r i a ,  "a1 1 relative minimums (decrease in distance between circul i ) in the 
lacustrine portion of Chignik sockeye scales should be accepted as true annuli 
i f  such minimums are accompanied by changes in ei ther  the types or boldness of 
circul i . "  Marine annuli were usually very d is t inc t  and there were rarely prob- 
lems with determining the marine age. 

The scale impressions were projected a t  82X on a standard microfiche reader for 
aging. A preliminary age reading of a l l  scales in a sample was made a t  th i s  
magnification and an age assigned to a l l  readable scales. Scales displaying 
any regeneration or scale images t o o  indistinct t o  interpret with confidence were 
omitted from the analysis. During the preliminary reading, there was occasionally 
uncertainty in the lacustrine ages assigned to some scales because of confusing 
scale patterns. These scales were marked and la te r  examined a t  21 OX (the magni- 
fication used for  measuring the scale features) t o  verify the assigned age. 
Usually 10-15% of the scales in a sample required examination a t  the higher 
magnification. This proved to be an ef f ic ien t  procedure for accurately aging 
the large numbers of scales required for this  study. All ages were recorded in 
the European formula as defined by Koo (1962)l. 

Scale Measurement Procedure 

The scale features measured for  th is  analysis were restr ic ted to  the lacustrine 
zone of the adult scales collected. Any differences in scale patterns between 
the two Chignik sockeye salmon stocks should be most evident in th i s  zone 
because of the different  environmental conditions that  each stock experienced 
in i t s  associated nursery lake. The marine growth of the scales of the two 
stocks should be similar because the i r  time of outmiqration overlaps and their  
ocean migrations are assumed t o  be similar. Previous research had confirmed 
that  differences existed between the lacustrine scale patterns of the stocks. 
Narver (1963) found differences in lacustrine scale growth patterns between the 
spawning groups of each lake in the Chignik system, and Marshall e t  a l .  (1980) 
used measurements made in the lacustrine zone to  separate the 2.3 age c l l s s  by 
run in the 1978 return t o  Chignik. 

Previous studies have establ i shed that an axi s approximately perpendicular to 
the anterior edge of the unsculptured posterior f ie ld  i s  best for consistently 
measuring sockeye salmon scales (Clutter and Whi tesel 1956; Narver 1963). This 
axis i s  approximately 20" dorsal or ventral from the anterior-posterior axis 
(Figure 5 ) .  A 1  1 circul i counts and scale measurements in the lacustrine zone 
were made along this  axis. The scale impressions were projected a t  210X and the 
distance from the center of the scale focus to  the outer edge of each circulus in 
each annular zone was measured. The number of c ircul i  and width of any freshwater 
plus growth were measured also. Plus growth i s  defined as scale growth a f t e r  the 
l a s t  lacustrine annulus and before the onset of marine growth (Mosher 1969).  
Annular zones were identified by the c r i t e r i a  previously described for age inter- 
pretation. The c r i t e r i a  for deciding which circul?  to count and measure in an 

European formula: number of freshwater annuli, decimal point, number of 
marine annuli. The total  age in years i s  the sum of these two numbers 
plus one. 



F igu re  5. Sec t i on  o f  an age 1.3 Ch ign ik  sockeye salmon sca le  showing t h e  
p o s i t i o n  o f  t h e  measurement a x i s  (97X).  



annular  zone were those of Tanaka e t  a l .  (1969), which a re  i l l u s t r a t e d  i n  
F igure  6. Regenerated scales,  sca les  which were n o t  f rom the  p re fe r red  area, 
o r  scales w i t h  a  poor impress ion i n  t h e  ace ta te  were n o t  measured. 

A l l  measurements o f  sca le  features were made us ing  a  microcomputer-based sca le  
d i g i t i z i n g  system developed a t  FRI. Th is  system i s  designed t o  e l i m i n a t e  most 
o f  the  l abo r i ous  and e r ro r -p rone  steps o f  measuring sca les and enable r a p i d  and 
accurate process ing of  l a r g e  numbers of scales.  The sca le  image i s  p r o j e c t e d  
on an e l e c t r o n i c  d i g i t i z i n g  surface and the coord inates of the  sca le  charac te rs  
be ing measured a r e  entered w i t h  a  hand-operated f ree-cursor .  The coord ina te  
se ts  a r e  processed by a  microcomputer i n t e r f a c e d  w i t h  t h e  d i g i t i z i n g  t a b l e t  and 
the  l i n e a r  d i s t ance  t o  each c i r c u l u s  from t h e  sca le  focus c a l c u l a t e d  t o  t he  
neares t  0.001 inch .  Data desc r i b i ng  the  sample be ing processed (sample number, 
sex, leng th ,  age, e t c .  ) i s  entered on a  keyboard connected t o  the computer. 
The i n f o r m a t i o n  desc r i b i ng  each sample, the  d i s tance  t o  each c i r c u l u s  i n  each 
annular  zone, and summary data, t o t a l  number o f  c i r c u l  i and width,  f o r  each 
annular  zone and t h e  p l u s  growth zone ( i f  p resen t )  a r e  fo rmat ted  and recorded 
on a  f l e x i b l e  magnet ic d i s k  (Appendix Tables l a  and l b ) .  

A n a l y t i c  Procedures Used t o  I d e n t i f y  t he  Ch ign ik  Sockeye Salmon Stocks by The i r  
Scale Pa t te rns  

The a b i l i t y  t o  recognize salmon s tocks by t h e i r  sca le  p a t t e r n s  depends upon t h e  
degree o f  d i f fe rence  between t h e  sca le  charac te rs  examined f o r  t h e  s tocks and t h e  
a n a l y t i c  technique. Var ious d i s c r i m i n a n t  f unc t i on  analyses have t r a d i t i o n a l l y  
been used t o  separate salmon s tocks by t h e i r  sca le  pa t te rns .  The most commonly 
used procedure has been t he  1  i n e a r  d i s c r i m i n a n t  f u n c t i o n  (Anas and Murai  1969; 
B i  1 t o n  and Messinger 1975; Bethe and Krasnowski 1979). Quad ra t i c  d i s c r i m i n a n t  
f unc t i ons  (Anas and Murai 1969), polynomial  d i s c r i m i n a n t  f u n c t i o n s  (Cook and 
Lord  1978), and d i r e c t  d e n s i t y  e s t i m a t i o n  procedures (Cook 1982a) have been used, 
a1 so. L i nea r  d i s c r i m i n a n t  f unc t i on  (LDF) a n a l y s i s  was se lec ted  f o r  t h i s  r e p o r t  
because: (1  ) Marsha l l  e t  a l .  (1980) used an LDF i n  t h e i r  sca le  p a t t e r n  a n a l y s i s  
o f  t h e  Chign ik  sockeye salmon s tocks and were a b l e  t o  i d e n t i f y  t h e  s tocks w i t h  
g rea te r  than 80% accuracy; ( 2 )  e x i s t i n g  programs f o r  per forming an LDF a n a l y s i s  
a re  r e a d i l y  a v a i l a b l e  ( f o r  example BMDP7M, Dixon and Brown 1979); and (3 )  i t  was 
necessary t o  per form the  sca le  p a t t e r n  analyses on a  microcomputer and t h e  pro-  
cedures f o r  per fo rming  an LDF a n a l y s i s  cou ld  be e a s i l y  programmed i n  FORTRAN. 

The LDF i s  a  m u l t i v a r i a t e  technique f o r  c o n s t r u c t i n g  a  c l a s s i f i c a t i o n  scheme t o  
ass ign  a  p r e v i o u s l y  u n c l a s s i f i e d  obse rva t i on  t o  an app rop r i a te  group. The LDF 
i s  t h e  l i n e a r  combinat ion of  p observed v a r i a b l e s  which maximizes t he  between- 
group va r i ance  r e l a t i v e  t o  t h e  wi th in -g roup  var iance  ( F i s h e r  1936). Consider 
two independent random samples each drawn f rom a  p - v a r i a t e  normal d i s t r i b u t i o n .  
If il and k2 a r e  t h e  sample mean vec to r s  f o r  each group and S t he  pooled sample 
var iance-covar iance ma t r i x ,  then t h e  c o e f f i c i e n t s  o f  t he  sample LDF a re  est imated 
by 

The a l l o c a t i o n  r u l e  f o r  de te rmin ing  t h e  group membership o f  an unknown observa- 
t i o n ,  x = (xl, x,, . . . x )', depends on 
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Figure 6.  Diagrammatic representation of a section of a scale (projected a t  
210X) indicating the c r i t e r i a  for  inclusion of c ircul i  counts and 
measurements along the selected axis. "One" and "two" indicate 
the number of circul i that  would be included i n  counts and for which 
positions would be marked fo r  measurement. "No" indicates that  the 
circulus would not be included i n  counts and i t s  position would n o t  
be measured ( a f t e r  Tanaka e t  a1 . 1969).  



The u n k n o w n  observation i s  then assigned to a group depending on the value of 
w and some cut-off point, which i s  frequently taken as zero. The major assump- 
tions underlying LDF analysis are: ( 1 )  the groups being investigated are dis- 
crete and identifiable;  ( 2 )  the variables used t o  determine group membership 
have a multivariate normal distribution in each population; and  ( 3 )  the variance- 
covariance matrices for the groups are equal. 

Previous studies which have separated stocks of salmon using scale patterns and 
L D F  analysis did not t e s t  the f i t  of the scale measurement data to the assumptions 
underlying the LDF.  One assumption which can be tested i s  that of the equality of 
variance-covariance matrices for the populations being separated. Box ( 1  949) 
described a procedure for testing the equality of variance-covariance matrices 
using the F s t a t i s t i c s .  This procedure was used t o  t e s t  the equality of vari- 
ance-covariance matrices for a l l  the L D F  analyses of the Chignik sockeye salmon 
scale measurement data. 

Once a n  LDF has been calculated, i t s  accuracy in assigning observations of u n -  
known origin to the correct group must be determined. Most investigators involved 
in salmon stock identification estimate error rates by dividing the data for each 
sample of known origin into two subsamples. One subsample i s  then used t o  con- 
s t ruc t  the discriminant function(s) and the remaininq data i s  classified using 
that  discriminant function. By observing the proportion of the second subsample 
misclassified, the error rates can be estimated. Cook (1982a) noted that th i s  
procedure requi red f a i r ly  1 arge sample sizes , which are not always available, 
and i t  was n o t  an e f f ic ien t  use of the ent i re  sample. Cook suggested that  the 
1 eavi ng-one-ou t method proposed by Lachenbruch (1 967) was more appropriate. 
This method uses a l l  observations and gives nearly unbiased estimates for the 
probabilities of misclassification. The classif icat ion accuracy i s  estimated 
by removing one observation from the data, constructing a discriminant function 
using a1 1 remaining observations, and classifying the omitted observation with 
the discriminant function. This i s  done for  a l l  observations and the resul ts  
t a l l i ed .  The probability of misclassification for  each group can then be cal- 
culated. The leaving-one-out procedure was used t o  estimate the classif icat ion 
accuracies of a l l  L D F  analyses performed for  th i s  study. An inverse matrix 
adjustment procedure (Bar t le t t  1951) was used in the program which performed the 
LDF analysis on the microcomputer. This significantly reduced the time required 
by the microcomputer to perform the leaving-one-out procedure by requiring only 
a single matrix inversion. 

In studies separating stocks of salmon by the i r  scale patterns the goal i s  usually 
not  to identify the origin of individual salmon b u t  t o  estimate the proportson of 
different  stocks present in an area of intermingling. The origin of each obser- 
vation in a sample consisting of a mixture of stocks can be determined using the 
appropriate L D F  and the proportion of each stock present can be calculated. 
Worlund and Fredin (1962) noted a se t  of I inear relationships which adjust the 
proportional estimates from the mixed samples to account for  the classif icat ion 
errors of the assignment rule. Cook and Lord (1978) formulated th i s  approach in 
matrix notation and applied i t  to a salmon stock identification problem. They 
found by simulation that  the classif icat ion matrix correction procedure improved 
the estimate of the true proportion of each stock present. Using the notation of 



Cook and Lord, 1 e t  the classification accuracy estimated by the leaving-one-out 
procedure be represented by the matrix C ,  where the element c i j  i s  the fraction 
of the population from stock j that i s  classified as stock i .  Let 6 be a vector 
with elements r l ,  r , ,  . . . , where rl  i s  the proportion of the mixed population 
classified as stock i. Then 

where each element ui i s  the corrected estimate of the proportion of stock i in 
tble sample composed of a mixture of stocks. 

.. 
Variance formulae for the estimates of u have been proposed by Worlund and Fredin 
(1962), Pel l  a and Robertson (1979), acd Cook ( 1  982b). Cook ( I  982b) noted that a1 1 
proposed formulae require that ? and C be s t a t i s t i c a l l y  independent, which i s  
never true in practice. Simulation studies by Cook revealed the variance form- 
ulae of Pella and Robertson (1979) lead to conservative confidence intervals when 
? and C are independent. He f e l t  tha t ,  due t o  the conservative nature of the 
formulae, the i r  use was just i f ied.  Therefore, a l l  variances for the proportional 
estimates of the stock composition of mixed samples were derived using the formulae 
of Pella and Robertson. When only two stocks are present in the mixture, as was 
the case for  this  study, confidence intervals can be calculated using the variance 
estimate and the univariate normal approximation (Pel la and Robertson 1979). 

Scale Characters Examined and Selection Procedure for Use in the L D F  

The discriminating power of the LDF i s  a function of the variables used t o  con- 
s t ruc t  i t .  The greater the difference between the populations for  the variables 
used in the LDF, the higher the classif icat ion accuracy. The patterns of c ircul i  
and annuli on a scale re f lec t  the growth history of an individual. The basis for  
separating stocks of salmon by the i r  scale patterns i s  the difference in the 
growth histories of each stock. The degree to  which the characters measured from 
the scale re f lec t  the differences in growth between the stocks determines the 
accuracy of the LDF in separating the stocks. 

The scale characters examined for  th i s  study included those recorded direct ly  
from each scale; the width and number of c ircul i  in each lacustrine annular zone 
and in the zone of lacustrine plus growth ( i f  present),  and the distance from 
the center of the scale focus to each circulus in each lacustrine annular zone; 
and combinations of these characters. Differences in scale growth which could 
be useful in discriminating between stocks could appear during any period of the 
freshwater 1 i f e  history. Therefore, within each annular zone the width of and 
number o f  circul i  in a number of specific areas distributed throughout the zone 
were examined. Other scale characters which ref lec t  growth were generated by 
expressing the scale growth within a specific area in an annual zone as a frac- 
tion of the total  width of that  zone. A total  of 62 scale characters in each 
lacustrine annual zone ( f i r s t  or second) and six characters in the zone of lacus- 
t r ine  plus growth, i f  present, were generated from the basic s e t  of measurements 
made on each scale (Appendix Table 2 ) .  

Sex as a possible source of variation in scale characters has been examined in 
previous sockeye salmon stock separation studies by Anas and Murai (1969) and 



Bilton and Messinger (1975). They found no significant differences between 
males and feriiales for the scale characters they examined. These studies used 
scale characters in the lacustrine and marine zones, b u t  did not examine the 
lacustrine zone in the detail  of this  study. Also, these studies tested for 
differences in scale characters between the sexes on the univariate level and 
their  conclusions may n o t  apply t o  the multivariate case. Since L D F  analysis 
i s  a multivariate procedure, a multivariate t e s t  for differences in scale 
characters between ma1 es and females would be more appropriate. 

A procedure for testing the equality of means between two groups for more than 
one variable uses the Hotelling TZ s t a t i s t i c  (Morrison 1976). This t e s t  i s  also 
used for the in-season analysis, so i t s  development will be described. The 
assumptions underlying th is  multivariate procedure are  similar to those for  LDF 
analysis, the two samples are assumed t o  be drawn from multivariate normal pop- 
ulations with a common covariance matrix. The Hotelling T" s t a t i s t i c  i s  

where N~ and N ,  are the sample sizes for  the groups being t e s t ,  xl and 2 ,  are 
vectors of means for  the variables being compared for  each group, and S i s  the 
pooled variance-covariance matrix estimated from the sample data. The t e s t  
s t a t i s t i c  i s  

which has the variance ra t io  F distribution with degrees of freedom p (number of 
variables) and N I  + N ,  - p - 1. 

- - 
If the n u l l  hypothesis H o :  x l  = x,, i s  rejected, those variables which contri- 
bute most of the difference between the groups can be determined by constructing 
Roy-Bose simultaneous confidence intervals around the differences between the 
means (Morrison 1976). This procedure i s  superior to  examining the difference 
between mean values for  the groups using a univariate t - t e s t  because i t  protects 
against the tendency for  individual differences to be significant merely by 
chance as more responses are included and i t  accounts for the effects of positive 
correlations among the subtests. The Roy-Bose simultaneous confidence intervals 
are constructed for the difference between the mean values of the variables for 
each group by 

where sii i s  the i t h  diagonal element of 5 - ' .  

Those variables which do not include zero in the confidence interval around the 
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difference between their  means are the variables contributing most t o  the differ-  
ence between the two groups. 

The Hotelling T~ s t a t i s t i c  performs best when a limited number of variables are 
tested simultaneously for equality between groups. To t e s t  the hypothesis t h a t  
scale growth i s  the same for males and females, a manageable subset of a l l  the 
scale characters generated had to be selected. The basic scale measurement 
characters in each lacustrine annular zone were selected for testinq because 
most of the other scale characters generated were l inear combinations of these 
basic measurements. The scale characters tested were the mean width of and mean 
number of c ircul i  in each lacustrine annular zone, the mean distance from the 
center of the scale focus t o  each of the f i r s t  five circul i  in the f i r s t  annual 
zone, and ( i f  present) the mean distance from the end of the f i r s t  lacustrine 
annulus t o  each of the f i r s t  f ive circul i  in the second annular zone. Each 
annular zone was tested separately t o  l imit  the number of variables tested simul- 
taneously to  seven for each annular zone. Incomplete cases, scales which had 
less than f ive  circul i  in an annular zone, were omitted from the analysis of 
that zone. 

Each standard used in an LDF analysis was tested for equality of scale characters 
between males and females. As was done for  each L D F  analysis, the equality of 
the variance-covariance matrices for  the sexes was tested usinq Box's procedure 
to examine how we11 that assumption was met. When a significant difference was 
found between the scale characters of males and females, Roy-Bose 95.0% confidence 
intervals around the differences between the means were constructed t o  determine 
which variables were responsible for  the significance of the t e s t .  

A great variety of techniques have been used t o  select  the "best" subset of vari- 
ables for  a discriminant analysis. When only two populations are involved the 
problems associated with selecting a subset of variables for an LDF analysis are 
greatly reduced. For the two group problem, a stepwise procedure usinq the F 
s t a t i s t i c  to determine entry into the LDF will provide a "best" subset for  dis- 
crimination (Habbema and Hermans 1977). The program BMDP7M (Dixon and Btaown 
1979) provides a procedure which uses the F s t a t i s t i c  to  select  a subset of vari- 
ables for an LDF.  This program sequentially enters the variable with the highest 
partial F-value, calculates an LDF using the variable entered and any variables 
previously entered, and determines the classif icat ion accuracy of the LDF.  This 
procedure continues until the partial  F-values for  the variables not entered are 
below a user-specified cut-off. 

All the scale characters generated for  each freshwater age group could not be 
screened simultaneously using BMDP7M because of memory limitations. To reduce 
the 68 possible scale characters for age I f ish and 130 possible scale characters 
for age TI f ish t o  a manageable subset, a preliminary analysis of the characters 
was conducted. The F-value for  a l l  scale characters and the correlation coeffi- 
cient for  each pair of characters were calculated and a subset of approximately 
30 variables was then selected for each analysis. The scale characters selected 
had ei ther  a large F-value o r  were negatively correlated with characters having 
large F-values. Variables selected using these c r i t e r i a  will usually contain a 
subset which will give the "best" LDF (Cochran 1964). The characters selected by 
th is  procedure were then used in BMDP7M with the F-to-enter level s e t  t o  4.0. 
The "best" subset of characters for discriminating between the two stocks was 
then selected by the program with the previously described procedure. An F-to-enter 



value of 4.0 usually corresponded t o  an a level between 0.025 and 0.050 fo r  
the sa.mple s izes  used in the analyses. McLachlan (1980) s ta ted  t ha t  with a 
conservative a level such as t h i s ,  there can be a f a i r l y  high degree of con- 
fidence t ha t  the overall e r ro r  r a t e  i s  not increased by the se lect ion decisions 
of the F t e s t .  

METHODS FOR POST-SEASON ANALYSES 

Estimates of the numbers and age composition of the components of the Chignik 
sockeye salmon run, i . e . ,  the catch and escapement of the Black Lake and the 
Chignik Lake stocks,  a re  necessary to :  ( 1 )  evaluate the e f f ec t s  of regulating 
the commercial f i shery;  ( 2 )  determine the spawner-recruit re la t ionships  f o r  
each stock;  and ( 3 )  forecas t  the return of each stock in subsequent years. 
The purpose of the post-season analyses was t o  estimate the numbers and age 
composition of each stock in the catch and escapement. This section describes 
the method developed fo r  the post-season analyses. 

Estimating the Daily Sockeye Salmon Abundance in  Chignik Lagoon 

The sca le  samples used t o  estimate the stock and age composition of the Chignik 
run were collected in Ckignik Lagoon. The commercial catch in  areas outside of 
the  Chignik Lagoon and the escapement to Chignik River had to  be adjusted t o  
coincide with the  dai ly  catch i n  the Lagoon before the stock and age composition 
estimates could be applied. Previous tagging s tudies  determined t ha t  nearly a l l  
sockeye salmon intercepted by the  commercial f i shery  in the Chignik management 
area were enroute t o  the C h i g n i  k system (Roos 1960b; Dahlberg 1968; Lechner 1969). 
Therefore, the ADF&G a l loca tes  a l l  sockeye salmon caught in the Chignik manage- 
ment area t o  the Chignik run. In addi t ion,  the tagginq s tudies  found t ha t  a sub- 
s t an t i a l  portion of the sockeye salmon caught by the purse seine f ishery  a t  Cape 
Igvak (Figure 1 )  were of Chigni k or ig in .  Tradi t ional ly ,  80.076 of the Cape Igvak 
sockeye salmon catch has been al located t o  the  Chignik run and tha t  procedure was 
followed fo r  t h i s  repor t .  

Catches in the d i s t r i c t s  outside of Chignik Lagoon were adjusted t o  allow fo r  
the migration time t o  the  Lagoon before the stock and age composition estimates 
were applied t o  them. Average migration times to the Lagoon were estimated fo r  
each of the  ADF&G f ishing d i s t r i c t s  in the  Chignik management area.  TWO d i s t r i c t s  
were modified s l i g h t l y  to a1 low d i f fe ren t  migration times within the d i s t r i c t  
(Figure 7 ) .  The Central d i s t r i c t  was divided i n to  two smaller areas ,  Hook Bay/ 
Kujulik and Aniakchak, and i t s  eastern boundary extended. The migration time 
from each area t o  Chignik Lagoon was estimated from the  r e su l t s  of the previous 
tagging s tudies .  The migration times were estimated as  being: Hook Bay/Kujul i k, 
1 day; Aniakchak, 2 days; Western, 2 days; Eastern, 3 days; Per ryv i l l e ,  3 days; 
and Cape Igvak, 5 days. These a r e  average migration times and a r e  reai ized t o  
be gross approximations. They were not f e l t  t o  be a major source of e r ro r  i n  
estimating the t o t a l  dai ly  catch,  however, because the catch in areas outside 
the combined Chigni k Lagoon-Hook BaylKujul i  k areas averaged l e s s  than 15% of the 
to ta l  catch fo r  the years 1978-1982 (Table 3 ) .  

I t  was a l so  necessary t o  adjus t  the escapement counts a t  Chignik weir t o  account 
f o r  the migration time from the Lagoon t o  the weir.  Roos (1960b) and Dahlberg 



F i g u r e  7. Map showing t h e  m o d i f i c a t i o n s  t o  t h e  A laska  Department o f  F i s h  
and Game f i s h i n g  d i s t r i c t s  f o r  t h e  Ch ign i  k area.  



Table  3. Percentage o f  t h e  t o t a l  Ch ign ik  sockeye salmon ca tch  caught  i n  
Ch ign i  k Lagoon and i n  t h e  combined Chi g n i  k  Lagoon-Hook Bay/Ku ju l  i k 
areas,  1978-1 982. 

Sockeye salmon c a t c h  
Chignik  Lagoon- 

Year T o t a l  Chignik  Lagoon % Hook Bay/Kujul ik  % 

Mean 79.2 85.5 



(1968) both used a lag time of  two days from the Lagoon t o  the weir. They based 
their  estimate on tagging experiments conducted in Chignik Lagoon when the fish- 
ery was closed. This may n o t  be a n  accurate estimate, however. When the f ish-  
ery was closed during a period of large daily escapements, a significant decrease 
in the escapement was typically observed one day a f t e r  the fishery in the Lagoon 
began again. When the fishery was opened for  an extended period, the correlation 
between the number caught in Chignik Lagoon and the escapement one day l a t e r  was 
consistently better than a correlation using the escapement two days la te r  (Conrad, 
unpublished data) .  The intense commercial fishery in the Lagoon appears to  herd 
the fish through the lagoon and, because of th is  "flushing" ef fec t ,  a one day 
migration time from Chignik Lagoon t o  the weir was decided to be more appropriate. 

Since 1979 the weir on Chignik River has been removed on 1 August. An August 
escapement of 50,000 sockeye salmon has been estimated by the Alaska Department 
of Fish and Game for each of the years 1979-1982. This estimate was divided 
equally among the days in August to  determine the daily Chignik Lagoon abundance 
in August. 

Constructing the LDFs for Estimating the Stock Composition in Chignik Lagoon 

An LDF analysis requires a representative sample (a standard) of each group t o  
be separated in the analysis. The standards for the Black Lake stock consisted 
of scales randomly selected from those collected by beach seining a t  Black Lake 
out let .  Constructing the Chignik Lake standard in a similar manner was not 
possible because: ( 1 )  there i s  no area where large numbers of Chignik Lake 
spawners accumulate (outside of Chigni k Lagoon) where they are avai lab1 e for  
sampling; and ( 2 )  the Chignik Lake spawners do not move onto the spawning grounds 
until l a t e  in the season (September and October) a f t e r  the f ie ld  research has 
ended . 
Scales to construct the Chignik Lake standards were selected from the samples 
coll ected in Chigni k Lagoon. Scales were randomly selected from samples collected 
in the Lagoon on 24 July or l a t e r  to  construct the standards required for the 
years 1978-1982. During the years of tagging t o  estimate the Dahlberg TOE curve, 
spawners were never assigned to the Black Lake stock la te r  than 21 July. I n  the 
years of th is  study, more than 80% of the total  r u n  (adjusted to Chignik Lagoon 
date) had occurred by the time the f i r s t  sample to be used as a Chignik Lake 
standard had been collected. Probably very few Black Lake spawners, i f  any, 
would be present in this  l a s t  segment of the run to arrive.  

A major criticism of the Dahlberg method of separating the Chignik sockeye salmon 
stocks was i t s  fa i lure  t o  recognize differences in the age composition between 
the stocks by applying a single stock composition estimate to a71 age classes. 
To avoid th i s ,  an LDF specific to each of the major age classes in the run for  
each of the years 1978-1982 was constructed. Historically, the 1.3 and 2 .3  age 
classes dominate the Chignik sockeye salmon run. Combined, these two age classes 
usually account for  more than 80% of the total  run in any year. The 2 . 2  and 1 . 2  
age classes,  respectively, are next in importance. The contributions of other 
age classes are  minor. 

A sample s ize of 200 scales was desired for each se t  of standards (Black Lake and 
Chignik Lake) required for  an age class. Unfortunately, 200 scales of the neces- 



sary age were n o t  always available and i t  was often necessary to use smaller 
sample sizes.  I f  less than 25 scales for a n  age class were available for a 
standard, an L D F  analysis was not conducted for that age class.  The c lass i f i -  
cation accuracy of each age-specific LDF was estimated using the leaving-one-out 
procedure. 

Estimating the Daily Stock Composition in Chignik Lagoon 

The scale samples collected in Chignik Lagoon during the period of transit ion 
(approximately 15 June to 20 July) were used to estimate the proportion of each 
stock present in the catch and escapement. Scale measurements for  each age class 
analyzed were taken from a maximum of 100 scales of those available on a sample 
date. If less than 15 scales for an age class were available that  age class was 
not analyzed for t h a t  sample date. 

An L D F  was constructed for each of the age classes available in sufficient numbers 
for  analysis. For each age class analyzed, the samples of unknown stock composi- 
tion were then classified using the appropriate age-specific LDF.  The estimates 
of the proportion of each stock present in an age class were adjusted by the 
classif icat ion matrix correction procedure and the variance of each of the e s t i -  
mates was calculated. 

Once the stock composition estimates for  an age class were calculated they could 
be applied to the daily catch and escapement to ta l s  in a number of ways. Three 
methods of applying the estimates were considered: (1 ) apply the adjusted e s t i -  
mates for  a sample date as they were; ( 2 )  generate a smooth curve by following 
a procedure similar to that used to  determine a Dahlberg TOE curve; and (3)  smooth 
the estimates over a number of sample dates. In a preliminary analysis (Conrad 
1982), large differences in stock composition estimates for an age class were 
observed in samples only two or three days apart .  This could be attributed to 
an unrepresentative scale sample collected in Chignik Lagoon than t o  a real change 
in the stock composition of the magnitude observed. This problem will be dis- 
cussed more thoroughly in a la te r  section (see Discussion). I t  was f e l t  that  
using the estimates as they were was not appropriate because of the danger of an 
unrepresentative sample. 

Marshal 1 e t  a1 . (1980) followed Dahl berg's procedure and generated a smooth curve 
using the stock composition estimates derived by analysis of the scale patterns 
of one age class .  This method assumes that  the proportion of Chignik Lake stock 
in Chigni k Lagoon steadily increases (while the proportion of Black Lake stock 
declines) during the season and deviations from th is  pattern are not recognized. 
This assumption i s  not met because the early arriving Black River spawners belong 
to the Chignik Lake stock and, in some years, contribute substantially to the 
early arriving portion of the run. In addition, the smooth curve estimated by 
Dahlberg's procedure i s  extremely sensit ive t o  the logarithmic-tranforned pro- 
portional estimates and the position and shape of the curve i s  greatly influenced 
by the number of significant d ig i t s  used in i t s  calculation (Parker e t  a l .  1981 ) .  
Because of these problems, th i s  method was not considered appropriate. 

A simple b u t  effective procedure i s  t o  weight the adjusted stock composition 
estimates for  an age class equally and smooth them by a moving average of three 
sample dates. Two benefits of this  procedure are: (1  ) the effects  of samples 
which might n o t  be representative of the actual stock composition in the Lagoon 



are  p a r t l y  amel iora ted;  and ( 2 )  the var iances o f  t he  smoothed s tock  composi t ion 
est imates were sma l le r  than t he  var iances  o f  t h e  o r i g i n a l  ad j us ted  es t jmates .  
The var iance  of a smoothed es t imate  was est imated by 

where i = sample be ing  processed, i-1 = the  sample preceding i, and i+l = the 
sample f o l l o w i n g  i. I n  o rde r  t o  i n c l u d e  a1 1  samples c o l l e c t e d  d u r i n g  t he  p e r i o d  
of t r a n s i t i o n  i t  was assumed any sample c o l l e c t e d  p r i o r  t o  t h e  f i r s t  sampling 
da te  would c o n s i s t  e n t i r e l y  o f  B lack Lake s tock  and t h e  f i r s t  sample used t o  
c o n s t r u c t  t he  Chign i  k  Lake s tandard ( a f t e r  the pe r i od  o f  t r a n s i  t i on) cons i s t ed  
of 100% Ch ign ik  Lake spawners. Negat ive s tock  composi t ion es t imates  were s e t  t o  
0.0 and es t imates  g r e a t e r  than 1.0 s e t  t o  1.0 be fo re  the  es t imates  were smoothed. 
The s tock  composi t ion on days between sampling dates was es t imated  by l i n e a r  
i n t e r p o l a t i o n  o f  t h e  smoothed est imates.  

Es t ima t i ng  t he  D a i l y  Age Composit ion i n  Ch ign ik  Lagoon 

Before t h e  age -spec i f i c  s tock  composi t ion es t imates  cou ld  be appf i ed ,  t h e  t o t a l  
d a i l y  ca tch  and escapement counts had t o  be appor t ioned  by age c lass .  The age 
composi t ion o f  t he  sca le  samples c o l l e c t e d  i n  Chign ik  Lagoon was used t o  desc r i be  
a  d a i l y  age composi t ion.  For  t h e  escapements p r i o r  t o  t he  f i r s t  Lagoon sampling 
date,  t h e  age composi t ion o f  t h e  f i r s t  sample c o l l e c t e d  was used. The age compo- 
s i t i o n  o f  subsequent samples was a p p l i e d  t o  t h e  r u n  t o t a l s  on t h e  day t he  sample 
was c o l l e c t e d .  The age composi t ion f o r  days between two sampling dates was e s t i -  
mated by l i n e a r  i n t e r p o l a t i o n  between es t imates  f rom t h e  two samples. The age 
composi t ion o f  t h e  l a s t  Lagoon sample was a p p l i e d  t o  t h e  t o t a l  ca tch  and escape- 
ment on t h a t  day and on succeeding days. 

Using t h e  age composi t ion o f  samples c o l l e c t e d  i n  Ch ign ik  Lagoon t o  es t imate  t h e  
age composi t ion o f  t h e  escapements i n v o l v e s  the assumption t h a t  t he  comn;ercial 
purse se ine  f i s h e r y  i n  t he  Lagoon randomly samples a l l  age groups. Roos (7960b) 
and Dahlberg (1968) bo th  s t a t e  t h a t  t h e  age composi t ion o f  samples c o l l e c t e d  a t  
Chign i  k  w e i r  i s  comparable t o  t h e  age composi t ion observed i n  Chign i  k  Lagoon. 

Separat ing t h e  To ta l  Catch and Escapement by Stock 

Es t ima t i ng  t h e  number and age composi t ion o f  each s tock  i n  t h e  t o t a l  d a i l y  ca tch  
and d a i l y  escapement was then a  s imp le  procedure. The number i n  each age c l a s s  
was es t imated  by app l y i ng  the  age composi t ion es t imated  f o r  a  day t o  t h e  number 
i n  t h e  t o t a l  ca tch  o r  t he  escapement f o r  t h a t  day (ad jus ted  t o  Lagoon da te ) .  The 
number of each s tock  i n  an age c l ass  was then determined by app l y i nq  t h e  smoothed 
s tock  composi t ion es t imate  f o r  an age c l a s s  t o  t h e  number i n  t h e  age c l ass .  For  
age c lasses  f o r  which t h e r e  were n o t  s tock  composi t ion est imates,  t h e  average o f  
t h e  es t imates  a v a i l a b l e  was app l ied .  Th is  procedure was f o l l owed  f o r  a l l  days on 
which t h e r e  was e i t h e r  an escapement o r  ca tch  o f  sockeye salmon. By summing t he  
d a i l y  es t imates  o f  the  number o f  each s tock  p resen t  by  age c l ass ,  t h e  t o t a l  number 
and age composi t ion of t h e  B lack Lake and Ch ign ik  Lake s tocks i n  t h e  t o t a l  ca tch  
and escapement was est imated.  



METHODS FOR IN-SEASON ANALYSES 

In-season estimates o f  the number of each stock in the daily escapement are 
required so t h a t  the cumulative escapement of each stock can be monitored through- 
o u t  the season. Cumulative escapement goals for each stock are established for 
each week of the run to ensure optimum escapements t o  the Black Lake and Chignik 
Lake spawning grounds. The management strategy i s  to regulate the commercial 
fishery according t o  the status of the cumulative escapement of each stock rela- 
t ive  t o  i t s  weekly goal. If the cumulative escapement of a stock (or  both 
stocks) i s  considerably below the weekly goal the fishery i s  closed or remains 
closed. If the cumulative escapements exceed the weekly goals the fishery i s  
opened or remains open. 

The basic procedure used t o  perform a post-season analysis was applied to the 
in-season analysis. Scale samples collected in Chignik Lagoon were used to e s t i -  
mate the stock and age composition of the run. Daily estimates of the stock and 
age composition of the run were calculated following a procedure similar t o  the 
post-season analysis. The daily estimates were then applied to the total  daily 
escapement a f t e r  allowing for  a one-day migration time from the Lagoon to the 
weir. The number of each stock in the escapement was estimated and cumulative 
to ta l s  were kept. The major difference between a post-season and an in-season 
analysis was the construction of the standards necessary t o  compute the age- 
specific LDFs. 

Constructing the Standards for an In-season LDF Analysis 

The Black Lake standards for an in-season analysis can be constructed from the 
scale samples collected a t  the out let  of Black Lake during the season. Because 
the early portion of the run consists primarily of Black Lake spawners, suff i -  
cient numbers of scales for the necessary Black Lake standards can be collected 
before the c r i t ica l  period of transit ion from Black Lake to  Chignik Lake stock. 
An i n i t i a l  standard can be established and used for  a preliminary analysis. As 
more samples are  collected l a t e r  in the season the standard can be enlarged for  
1 a ter  analyses. 

Unfortunately, the Chignik Lake in-season standards could not be established in 
a similar manner. Standards to perfom the LDF analyses were required well before 
any samples collected in Chignik Lagoon could be used t o  construct the Chignik 
Lake standards. Therefore, i t  was necessary to  construct "a r t i f i c i a l  " standards 
which were representative of the Chignik Lake spawners for the age classes being 
analyzed. Two possibi l i t ies  examined for  constructing "ar t i f ic ia l  " Chignik Lake 
standards were: ( 1 )  using scales from Chignik Lake spawners of the same lacus- 
t r ine  age and from the same brood year b u t  which returned one year prior to the 
year of analysis,  for  example using the 1981 2 .2  Chigni k Lake standard to  repre- 
sent the 1982 2.3 standard; and ( 2 )  pooling the standards for one age class over 
a number of years to  establish a universal standard which i s  representative of the 
Chignik Lake spawners of an age class in any year. 

The lacustrine scale patterns of one year 's  2.2 Chigni k Lake return should be 
similar t o  the following year 's  2.3 Chignik Lake return. These f i sh ,  from the 
same brood year, would have reared in the lake during the same time period, and 



would have exper ienced t h e  same env i ronmenta l  c o n d i t i o n s  d u r i n g  t h e i r  l a c u s t r i n e  
1  i f e .  C l u t t e r  and Whi t e s e l  (1956) compared t h e  l a c u s t r i n e  s c a l e  p a t t e r n s  of  age 
1.1 sockeye salmon j a c k s  f rom d i f f e r e n t  F raser  R i v e r  s tocks  t o  those  o f  age 1.2 
a d u l t s  r e t u r n i n g  one y e a r  l a t e r .  They found t h a t  t h e  s c a l e  p a t t e r n s  were s i m i l a r ,  
b u t  t h e  j a c k s  g e n e r a l l y  had more l a c u s t r i n e  c i r c u l  i. Henry ( I  961 ) used age 1.1 
sockeye salmon j a c k s  f rom the m a j o r  F raser  R i v e r  s tocks  t o  e s t a b l i s h  h i s  c r i t e r i a  
from s e p a r a t i n g  t h e  age 1.2 a d u l t  r e t u r n  i n  t h e  n e x t  y e a r  by  s tock .  He found t h a t  
t h e  l a c u s t r i n e  c i r c u l i  counts  o f  t h e  j a c k s  were v e r y  s i m i l a r  t o  t h e  counts  of  t h e  
1.2 a d u l t s  from t h e  same s t o c k  i n  t h e  f o l l o w i n g  year .  

A  1.3 C h i g n i k  Lake s tandard f o r  in-season ana lyses cannot  be e s t a b l  i s h e d  u s i n g  
t h e  p r e v i o u s  y e a r ' s  1 .2  r e t u r n  t o  C h i g n i k  Lake, however, because the  1.2 age c l a s s  
i s  never  p r e s e n t  i n  s u f f i c i e n t  numbers i n  t h e  Ch ign ik  Lake s t o c k  t o  p r o v i d e  an 
adequate s tandard.  T h i s  method c o u l d  o n l y  be used f o r  an in -season a n a l y s i s  o f  
t h e  2.3 age c l a s s .  

The H o t e l l i n g  T~ s t a t i s t i c ,  used t o  t e s t  t h e  e q u a l i t y  o f  s c a l e  c h a r a c t e r s  between 
males and female,  was a l s o  used t o  compare t h e  s c a l e  p a t t e r n s  o f  one y e a r ' s  2.3 
Ch ign i  k  Lake a d u l t s  and t h e  p r e v i o u s  y e a r ' s  2.2 Ch ign i  k  Lake a d u l t s .  The same 
subsets  o f  b a s i c  s c a l e  growth c h a r a c t e r s  used t o  ompare t h e  sexes were used i n  
t h i s  a n a l y s i s .  They were, i n  t h e  f i r s t  l a c u s t r i n e  a n n u l a r  zone; t h e  mean w i d t h  
o f  and mean number of  c i r c u l  i i n  t h e  zone and t h e  mean d i s t a n c e  f rom the  c e n t e r  o f  
t h e  s c a l e  focus  t o  each o f  t h e  f i r s t  f i v e  c i r c u l  i i n  t h e  zone; and i n  t h e  second 
l a c u s t r i n e  a n n u l a r  zone; t h e  mean w i d t h  o f  and mean number o f  c i r c u l i  i n  t h e  zone 
and t h e  mean d i s t a n c e  f rom t h e  end o f  t h e  f i r s t  l a c u s t r i n e  annu lus  t o  each of t h e  
f i r s t  f i v e  c i r c u l i  i n  t h e  zone. As i n  t h e  comparison o f  t h e  sexes, separa te  t e s t s  
were performed f o r  t h e  c h a r a c t e r s  i n  each a n n u l a r  zone, and s c a l e s  hav ing  l e s s  
than  f i v e  c i r c u l i  i n  an a n n u l a r  zone were o m i t t e d  f rom t h e  a n a l y s i s .  

Four  s e t s  o f  C h i g n i k  Lake 2.2-2.3 s c a l e  measurement d a t a  were t e s t e d .  They were: 
(1 )  t h e  1978 2.2 - 1979 2.3; ( 2 )  t h e  1979 2.2 - 1980 2.3; ( 3 )  1980 - 2.2 - 1981 
2.3; and ( 4 )  t h e  1981 2.2 - 1982 2.3. I f  a  s i g n i f i c a n t  d i f f e r e n c e  were found f o r  
a  2.2-2.3 comparison, Roy-Bose 95.0% s imul taneous con f idence  i n t e r v a l s  were con- 
s t r u c t e d  t o  determine which v a r i a b l e s  were r e s p o n s i b l e  f o r  t h e  d i f f e r e n c e .  

Mu1 t i v a r i a t e  a n a l y s i s  o f  v a r i a n c e  (MANOVA) was used t o  t e s t  t h e  h y p o t h e s i s  t h a t ,  
f o r  t h e  C h i g n i k  Lake s tock ,  s c a l e  g rowth  f o r  an age c l a s s  does n o t  v a r y  s i g n i f i -  
c a n t l y  f r o m  y e a r  t o  y e a r .  I f  t h i s  h y p o t h e s i s  were n o t  r e j e c t e d ,  a  u n i v e r s a l  
C h i g n i k  Lake s tandard  c o u l d  be e s t a b l i s h e d  f o r  each o f  t h e  m a j o r  age c l a s s e s  by 
p o o l i n g  t h e  s c a l e  measurement d a t a  f o r  an age c l a s s  ove r  a  number o f  yea rs .  A  
MANOVA t e s t s  t h e  e q u a l i t y  o f  group mean v e c t o r s  f o r  two o r  more groups (Cooley 
and Lohnes 1971).  The H o t e l l i n g  ~2 s t a t i s t i c ,  d e s c r i b e d  p r e v i o u s l y ,  i s  a  s p e c i a l  
case o f  MANOVA when o n l y  two groups a r e  b e i n g  t e s t e d .  The m a j o r  assumpt ions f o r  
MANOVA a r e  i d e n t i c a l  t o  those  f o r  t h e  H o t e l l i n g  T Z  t e s t .  

SPSS MANOVA ( H u l l  and N i e  1981) was used t o  compare t h e  v e c t o r s  o f  mean s c a l e  
g rowth  c h a r a c t e r s  of t h e  1.3 and 2.3 age c l a s s e s  f o r  t h e  C h i g n i k  Lake s tandards 
f r o m  t h e  y e a r s  1978-1982. The same subset  o f  s c a l e  c h a r a c t e r s  i n  each l a c u s t r i n e  
a n n u l a r  zone used i n  t h e  p r e v i o u s  ana lyses comparing s c a l e  g rowth  were used f o r  
t h i s  a n a l y s i s .  As was done p r e v i o u s l y ,  a  separa te  a n a l y s i s  was per formed f o r  t h e  
s c a l e  c h a r a c t e r s  i n  each l a c u s t r i n e  a n n u l a r  zone. 



Selection of Scale Characters f o r  In-season L D F  Analysis 

The procedure used to  se lec t  a "best" s e t  of scale characters t o  use in an in-  
season L D F  analysis  of an age c lass  depended on the standard selected t o  repre- 
sent  the actual Chignik Lake standard. If a yea r ' s  pooled standard was used, 
the stepwise F procedure fo r  the post-season analysis  was used and a l l  scale 
characters were screened. For one age c l a s s ,  the difference in scale  growth 
during the years 1978-1982 were assumed t o  be smaller than the differences in 
scale  growth between the Black Lake and Chignik Lake stocks fo r  those years.  
The s e t  of scale characters which best  separated the Black Lake stock from the 
yea r ' s  pooled standard would also be the s e t  which best separated the Black Lake 
and Chignik Lake stocks. 

If a 2.2 Chigni k Lake standard was used t o  represent the next y e a r ' s  2.3 Chignik 
Lake standard, a modified s e t  of scale  character variables was considered. Those 
variables which best discriminated between the 2.2 Chignik Lake standard and the 
2.3 Black Lake standard might incl ude variables which were s ign i f i can t ly  d i f f e r -  
ent between the 2 . 2  Chignik Lake standard and the 2 . 3  standard i t  represented. 
The scale characters screened f o r  the in-season analys is  were those which were 
not s ign i f i can t ly  d i f fe ren t  between the 2.2-2.3 Chigni k Lake standard but s t i l l  
provided discrimination between the Black Lake and Chignik Lake stocks. 

The four s e t s  of 2.2-2.3 Chignik Lake standards were compared by the pairwise F 
t e s t s  used fo r  the i n i t i a l  screening of the sca le  characters in the post-season 
analyses. A l l  sca le  characters f o r  which there were no s ign i f i can t  differences 
between the  2.2-2.3 standards in any of the years considered were screened f o r  
the in-season LDF analyses. An e f fec t ive  s e t  of scale  characters f o r  discrimi- 
nating between the Black Lake and Chignik Lake stocks was selected from t h i s  
subset with the stepwise F t e s t .  

S e ~ a r a t i  na the Esca~ement bv Stock 

Once an LDF f o r  each c lass  being analyzed f o r  the in-season analysis  had been 
defined using the Black Lake standard and the representative Chignik Lake standard, 
the number of each stock in the escapement was estimated. The same procedure used 
fo r  the post-season analyses were followed w i t h  one modification. For the in-sea- 
son analyses, i t  was important to  have estimates of the cumulative escapement of 
each stock which included the most recent escapements. After the stock composi- 
t ion estimates derived in-season were smoothed, dai ly  stock composition estimates 
could be interpolated only f o r  the days u p  to  the sample preceding the most recent 
one. Stock composition estimates f o r  the period between the l a s t  sample and the 
sample preceding i t  were derived by weighting the most recent stock composition 
estimate twice and applying the smoothing procedure. Stock composition estimates 
were then available fo r  the days up  t o  and includinq the day of the most recent 
sample. The cumulative escapement of each stock was estimated by summing the e s t i -  
mates. The cumulative t o t a l s  were updated on each subsequent sample date. 



RESULTS 

Consistency i n  Age I n t e r p r e t a t i o n  o f  Scales 

Three l a r g e  sca le  samples were re-aged approx imate ly  one year  a f t e r  t he  i n i t i a l  
read ing.  The number o f  sca les  assigned an age d i f f e r e n t  from the  i n i t i a l  i n t e r -  
p r e t a t i o n  were: f o r  t h e  1978 Black Lake samples, t he  ages of 30 sca les o f  t he  
1,595 sca les aged were changed (1.9%); f o r  t he  1980 Black Lake samples, t h e  
ages o f  27 sca les o f  t h e  1,367 sca les aged were changed (2.0%); and f o r  t he  
1980 samples c o l l e c t e d  i n  Chi gn i  k Lagoon d u r i n g  J u l y ,  t h e  ages o f  58 o f  t h e  
1,853 sca les  aged were changed (3.1%). The h i gh  r a t e  o f  agreement between the 
f i r s t  and second age readings (97.6% f o r  a l l  samples re-aged) i n d i c a t e s  a  con- 
s i s t e n t  i n t e r p r e t a t i o n  o f  the  a n n u l i  on t h e  sca les throughout  t he  s tudy.  A com- 
pa r i son  o f  t h e  age composi t ion determined f o r  each sample by  t h e  f i r s t  and second 
readings i s  g i ven  i n  Table 4. Because many o f  t h e  age changes were r e c i p r o c a l ,  
t he  d i f f e r e n c e  between t h e  number o f  sca les  assigned t o  each age group f o r  the  
f i r s t  and second readings i s  l e s s  than t h e  t o t a l  number o f  sca les ass igned new 
ages f o r  a  sample. 

Comparison o f  Sca le  Growth Between Males and Females 

The r e s u l t s  o f  t h e  t e s t  o f  t he  hypothes is  t h z t ,  w i t h i n  an age c l a s s  and brood 
years ,  male and female sockeye salmon from t h e  same s tock  have i d e n t i c a l  mean 
s c a l e  growth vec to rs ,  a r e  g i ven  f o r  t he  f i r s t  l a c u s t r i n e  annu la r  zone and the 
second l a c u s t r i n e  annu la r  zone i n  Tables 5  and 6, r e s p e c t i v e l y ,  f o r  each s tandard 
tes ted .  The s i g n i f i c a n c e  of  t he  m u l t i v a r i a t e  t e s t  us i ng  t h e  H o t e l l i n g  T Z  s t a t i s -  
t i c  i s  i n d i c a t e d  f o r  each t e s t  performed. When t h e  hypo thes is  o f  i d e n t i c a l  s ca le  
growth was r e j e c t e d ,  t h e  sca le  charac te rs  respons ib le  f o r  t h e  d i f f e r e n c e ,  as i n d i -  
ca ted  b y  Roy-Bose 95.0% simultaneous conf idence i n t e r v a l s ,  a r e  1 i s t e d .  The r e s u l t  
o f  Box 's  t e s t  o f  t h e  hypothes is  o f  equal covar iance ma t r i ces  f o r  males and females, 
an assumption necessary f o r  t h e  H o t e l l i n g  T Z  t e s t ,  i s  g i ven  f o r  each ana l ys i s ,  
a l so .  

S i g n i f i c a n t  d i f f e r e n c e s  between t h e  mean s c a l e  growth o f  males and females were 
found i n  o n l y  two ins tances .  The mean s c a l e  growth vec to r s  f o r  t h e  f i r s t  l acus-  
t r i n e  annu la r  zone were found t o  be s i g n i f i c a n t l y  d i f f e r e n t  (a = 0.05) i n  both t h e  
1981 1.3 Ch ign ik  Lake s tandard and t h e  1979 2.2 B lack Lake s tandard.  I n  bo th  
cases, t h e  mean number o f  c i r c u l  i i n  t h e  f i r s t  l a c u s t r i n e  annu la r  zone was t h e  
charac te r  r espons ib l e  f o r  t he  d i f f e r e n c e .  No s i g n i f i c a n t  d i f f e r e n c e s  were found 
between male and female mean sca le  growth i n  t he  second l a c u s t r i n e  annu la r  zone. 
Because o f  t h e  low r a t e  o f  r e j e c t i o n  o f  t h e  hypo thes is  o f  i d e n t i c a l  s ca le  growth, 
7.7% (2/26) o f  the  t e s t s  i n  t h e  f i r s t  l a c u s t r i n e  annu la r  zone and 0.0% (0/17)  o f  
t h e  t e s t s  i n  t h e  second l a c u s t r i n e  annu la r  zone, i t  seems sa fe  t o  conclude t h a t  
t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  between t h e  s c a l e  growth o f  ma1 es and females. 
Th i s  a1 lowed bo th  sexes t o  be i nc l uded  i n  t h e  standards necessary t o  separate  t h e  
Chi gn i  k  s tocks by  t h e i r  s ca le  pa t t e rns  w i t h  LDF a n a l y s i s .  

The hypo thes is  o f  equal covar iance ma t r i ces  f o r  males and females was r e j e c t e d  i n  
o n l y  5  o f t h e  43 t e s t s  performed. For  most o f  t h e  t e s t s  performed the  assumption of 
equal covar iance m a t r i c e s  was met. Th i s  i n d i c a t e s  t h a t  t he  data was approx imate ly  
l i n e a r  and t h e  H o t t e l l i n g  T* t e s t  was a p p r o p r i a t e  f o r  t e s t i n g  t h e  e q u a l i t y  o f  
t he  mean sca le  cha rac te r  vec to r s .  



Table 4. Comparison of the age compositions for the f i r s t  and second readings of the scale samples. 

b e  

Reading 1.1 2.1 1.2 2 . 2  3.2 1.3 2.3 3.3 1.4 2.4 Ott~cr 

1978 Black Lake samples 

1 Number 0 0 36 6 2 0 1,182 314 0 I 0 0 
Percentage 0.0 0.0 2.2 3.9 0.0 74.1 19.7 0.0 0.1 0.0 0.0 

2 Number 0 0 3 5 6 3 11 1,163 33 3 0 1 0 0 
Percentage 0.0 0.0 2.2 3.9 0.0 72.9 20.9 0.0 0.1 0.0 0.0 

198U Black samples 

1 Number 2 0 250 36 0 509 556 0 1 0 13 
Percentage 0.1 0.0 18.3 2.6 0.0 37.2 40.7 0.0 0.1 0.0 1 .0 

2 Number 2 0 248 38 0 502 563 0 1 0 13 
Percentage 0.1 0.0 18.1 2.8 0.0 36.7 41.2 0.0 0.1 0.0 1.0 

1980 Chignik Lagoon samples (7/5-7/ 1';1) 

1 Number 1 1 82 341 2 138 1,269 12 0 3 4 
Percentage 0.1 0.1 4.4 18.4 0.1 7.4 68.5 0.6 0.0 0.2 0 .2  

2 Nu~nbe r I 1 88 334 3 143 1,264 12 0 3 4 
Percentage iJ.1 0.1 4.7 18.0 0 . 2  7.7 68.2 0.6 0.0 0.2 0.2 

T o t a l  



Table 5. Results of Hotel1 i ng ' s  t e s t  f o r  the equali ty of the mean scale  growth 
vectors of the f i r s t  lacust r ine  annular zone fo r  males and females. 
The resu l t s  of Box's t e s t  f o r  the equali ty of variance-covariance 
matrices a r e  reported, a lso .  (NS = not s ign i f i can t ,  SIGN = s ign i f i -  
cant n 5 0 .05)  

Sample s i z e  Box's H o t e l l i n g ' s  S i g n i f i c a n t  
S t anda rd  Ag e Males Females t e s t  t e s t  c h a r a c t e r s  

1978 BL 2.2 4 4 11 NS NS 
CL 2.2 3 9 5 0 NS NS 

1979 BL 2.2 6 3 36 NS SIGN nunber c i r c u l i  
CL 2.2 2 8 2 8 NS NS 

1980 BL 2.2 19 17 NS NS 
CZ 2.2 5 9 8 1 NS NS 

1981 CL 2.2 56 9 0 NS NS 

96 NS 
15 NS 

124 SIGN 
142 NS 

16 NS 
1 i 9 NS 

77 NS 
4 5 NS 

113 NS 

NS 
SIGN 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 
NS 

SIGN number c i r c u l i  
NS 
NS 

BL = B l a c k  Lake ,  CL = C h i g n i k  Lake 



Table 6. Results o f  Hotelling's t e s t  for  the equality of the mean scale growth 
vectors of the second lacustrine annular zone for males and females. 
The results of Box's t e s t  for the equality of covariance matrices are 
reported, also. (NS = n o t  significant,  SIGN = significant a 5 0.05) 

Sample s i z e  Box's H o t e l l i n g ' s  S i g n i f i c a n t  
S t a n d a r d  Age Males  Females t e s t  t e s t  c h a r a c t e r s  

NS 
NS 
NS 
NS 

SIGN 
NS 

SIGN 
NS 

SIGN 
NS 

BL = Black  L a k e ,  CL = Chign ik  Lake 



Post-season Separation by Stock of the Chignik Sockeye Salmon Runs, 1978-1982 

The resu l t s  of the post-season stock separation analyses of the Chignik sockeye 
salmon runs by scale patterns and l i nea r  discriminant function analysis  a r e  
summarized f o r  each of the years 1978-1982 in the following section.  The in te r -  
mediate r e su l t s  of the procedure f o r  estimating the to ta l  number and age composi- 
t ion of each stock in the catch and escapement a r e  presented. This includes 
estimates of the t o t a l  dai ly  abundance throughout the run, the age composition 
of scale samples col lected in Chigni k Lagoon, the discriminant functions deter-  
mined fo r  each of the major age c lasses  in the run, and the stock composition 
estimates f o r  each age c lass  f o r  the samples of unknown composition collected 
in Chignik Lagoon. Final estimates of the total  number of each stock in the 
catch and escapement and the age composition of each of these components are  
given. 

The t o t a l  sockeye salmon run t o  Chignik in 1978 was 2,503,600 and was composed 
of an escapement of 682,547 and to ta l  catch of 1,821,053 (Appendix Table 3a ) .  
There were two periods of peak abundance in the 1978 sockeye salmon run, one 
during the  second week of June and one in the middle of July (Figure 8 ) .  The 
peak dai ly  abundance was on 19 July when the combined catch and escapement was 
225,535 f i s h .  

Scale samples were collected in Chignik Lagoon on 19 separate occasions from 9 
June to 23 August (Appendix Table 3b).  The sampling e f f o r t  was evenly d i s t r ibu ted  
throughout the period of high dai ly  abundance, from about 7 June to  27 July.  Ages 
were assigned to 2,259 (83.9%) of the 2,692 scales  collected in Chignik Lagoon. 
The remaining scales  were omitted from the analysis  because of regeneration of 
the nuclear area o r  a poor impression in the aceta te .  The change in  the r e l a t i ve  
abundance of the  major age c lasses  present in Chignik Lagoon during 1978 i s  typi- 
cal of the Chignik sockeye salmon r u n  (Figure 9 ) .  The 1.3 age c lass  was most 
abundant in ear ly  June and declined rapidly a f t e r  17 June. During the period of 
decline in abundance of the  1.3 age c lass  there  was a corresponding increase in 
abundance of the  2.3 age c lass .  There was a rapid increase in the r e l a t i ve  abun- 
dance of the 2 . 2  age c lass  in l a t e  July and ear ly  August. 

Scale samples necessary to  construct the Black Lake standards fo r  the L D F  analyses 
were collected a t  the ou t l e t  of Black Lake on 10 separate days during June and 
ear ly  July (Appendix Table 3c ) .  A t o t a l  of 1,860 scales were col lec ted,  of which 
1,595 (85.8%) could be aged. The 1 .3  age c lass  was the most abundant in the Black 
Lake samples with approxiniately 70% of the scales collected assigned t o  i t .  

Black Lake and Chigni k Lake standards were establ ished fo r  the 2.2, 1 .3 ,  and 2.3 
age c lasses  in the 1978 r u n .  Class i f ica t ion accuracies of the l i nea r  discriminant 
funtions fo r  ages 2.2, 1 .3 ,  and 2.3 sockeye salmon were 92.4%, 76.5%, and 89.8%, 
respectively (Table 7 ) .  The sca le  characters selected fo r  each LDF f o r  an age 
c lass ,  and the mean and standard deviation f o r  each character  by stock,  a r e  pre- 
sented in Table 8. 

The 1 .3  and 2.3 age c lasses  were present in  numbers su f f i c i en t  fo r  analys is  of 
t h e i r  scale  patterns f o r  the  scale  samples collected in Chignik Lagoon during 1978. 



Figure  8. Dai ly  escapement (-) and t o t a l  d a i l y  abundance ( - - - ) ,  a d j u s t e d  t o  Chigni k Lagoon d a t e ,  f o r  t h e  
1978 Chigni k sockeye salmon run.  



F i g u r e  9. Age compos i t i on  of s c a l e  samples c o l l e c t e d  i n  C h i g n i k  Lagoon d u r i n g  t h e  1978 sockeye salmon run,  
by sample date .  M i n o r  age groups a r e  n o t  shown. 



Table 7 .  Classification matrices f o r  age 2 . 2 ,  1 .3 ,  and 2.3 sockeye salmon in 
the 1978 Chignik run. 

Age 2.2 

C l a s s i f i e d  s t o c k  Actua l  s t o c k  of o r i g i n  
of o r i g i n  Black Lake Chignik Lake 
............................................................... 

Black Lake 
Chignik Lake 

Sample s i z e  55 129 ............................................................... 
Mean c l a s s i f i c a t i o n  = 0.924 

............................................................... 
Age 1.3 

C l a s s i f i e d  s t o c k  
of o r i g i n  

Ac tua l  s t o c k  of o r i g i n  
Black Lake Chignik Lake 

Black Lake 
Chignik Lake 

Sample s i z e  200 28 .............................................................. 
Mean c l a s s i f i c a t i o n  = 0.765 

.............................................................. 
Age 2.3 

C l a s s i f i e d  s t o c k  Actua l  s t o c k  of o r i g i n  
of o r i g i n  Black Lake Chignik Lake ............................................................... 

Black Lake 
Chignik Lake 

Sample s i z e  200 200 
-------------------------------------------------------,-------- 

Mean c l a s s i f i c a t i o n  = 0.898 



Table 8. Scale characters selected fo r  the f inal  discriminant functions used 
t o  c lass i fy  the 2 . 2 ,  1 .3 ,  and 2 . 3  age c lasses  in the 1978 Chignik 
sockeye salmon r u n .  ( C  = c i rcu lus ,  FW = freshwater, A Z  = annular 
zone). 

Age 2.2 

S c a l e  c h a r a c t e r s  Black Lake - Chignik - Lake 
s e l e c t e d  x s x s ....................................................................... 

1. d i s t a n c e  C1 ( 1 s t  FW AZ) t o  end 89.3 17.4 59.8 14.8 
of 1 s t  FW AZ 

2. wid th  of 2nd FW AZ 114.0 17.5 103.8 16.2 
3.  t o t a l  width  of FW growth zone 263.2 24.6 210.7 23.8 

Sample s i z e  5 5 129 
E q u a l i t y  o f  covar iance  m a t r i c e s ,  s i g n i f i c a n t  a 2 0.01 ....................................................................... 
....................................................................... 
Age 1.3 

S c a l e  c h a r a c t e r s  Black Lake - Chignik - Lake 
s e l e c t e d  x s x s ....................................................................... 

1. d i s t a n c e  focus  t o  C3, 1st FW AZ 116.6 10.6 98.1 19.4 
2. 1st C wides t  p a i r  i n  1st FW AZ 1.7 0.8 2.5 1.6 
3. d i s t a n c e  C 1  t o  C4, 1st FW AZ 78.3 10.5 62.7 14.9 

Sample s i z e  200 2 8 

E q u a l i t y  of c o v a r i a n c e  m a t r i c e s ,  s i g n i f i c a n t  a 5 0.01 ....................................................................... 
....................................................................... 
Age 2.3 

S c a l e  c h a r a c t e r s  
s e l e c t e d  

Black Lake - Chignik - Lake 
X S X S 

1. width  of 1st FW AZ 165.8 24.2 113.4 17.6 
2. number of c i r c u l i  i n  2nd FW AZ 6.1 0.8 6.0 0.7 
3. d i s t a n c e  C1 ( 1 s t  FW AZ) t o  end 107.9 22.4 65.5 14.6 

of 1st FW AZ 
4. average i n t e r v a l  between c i r c u l i  26.1 3.2 22.2 2.4 

i n  t h e  1 s t  FW AZ 

Sample s i z e  200 200 
E q u a l i t y  o f  c o v a r i a n c e  m a t r i c e s ,  s i g n i f i c a n t  a 5 0 . 0 1  



After 30 June, the analysis  of the 1 .3  age c lass  could not continue because of 
insuf f i c ien t  sample s izes .  The adjusted stock composition estimates and the 
smoothed stock composition estimates, and t he i r  estimated variances, fo r  the 
Chignik Lagoon samples analyzed a re  presented fo r  each age c lass  in Tables 9 
and 10. A comparison of the smoothed dai ly  stock composition estimates f o r  the 
1 .3  and 2.3 age classes and the TOE curve used by ADF&G to  separate the r u n  by 
stock in 1978 i s  shown in Figure 10. 

The to ta l  Black Lake run in 1978 was 1,526,604 sockeye salmon, with an escape- 
ment of 458,660 and to ta l  catch of 1,067,944 (Tab1 e 1 1  ) .  The 1 . 3  and 2.3 age 
c lasses  were nearly equally abundant in the r u n  accounting f o r  49.3% and 38.5% 
of the t o t a l  run, respectively.  The to ta l  Chignik Lake r u n  was 976,996. The 
escapement to  Chignik Lake spawning areas was 223,887 f i sh  and there were 753,109 
Chignik Lake f i sh  taken in the commercial catch (Table 1 1 ) .  Approximately 70% of 
the to ta l  Chignik Lake run was assigned t o  the 2.3 age c lass .  The Black Lake 
stock was most abundant during June, from about 1 July t o  3 July both stocks were 
equally abundant, and a f t e r  t h i s  the Chignik Lake stock increased in abundance 
(Figure 11, Appendix Tables 3d and 3e) .  This pattern of abundance by stock i s  
typical  of the Chignik sockeye salmon run. 

The to ta l  sockeye salmon run to Chigni k in  1979 was 1,801,845. There were 737,816 
salmon in the  escapement and a to ta l  catch of 1,064,029 (Appendix Table 4a) .  The 
early-arriving portion of the r u n  was not abundant with only one day in June hav- 
ing a to ta l  abundance g rea te r  than 50,000 (Figure 12) .  There was a much larger  
peak in abundance during the second week of July  when the to ta l  da i ly  abundance 
approached 100,000 on two separate days. 

Scale samples were collected in Chignik Lagoon on 17 sample dates between 6 June 
and 31 August (Appendix Table 4b). Only four samples were co1 lected in the Lagoon 
during June, which was l e s s  often than desired.  Sampling was evenly d i s t r ibu ted  
throughout the period of high da i ly  abundance i n  July.  Of the 6,728 scales  col- 
lec ted,  5,380 (80.0%) were suf f i c ien t ly  l eg ib le  to  age. Age 2.3 sockeye salmon 
were the most abundant age group in every sample collected in Chignik Lagoon 
(Figure 13) .  Two peaks in the r e l a t i ve  abundance of the 2.2 age c lass  were evi- 
dent ,  one in l a t e  June and the other in l a t e  July. 

Scale samples f o r  the Black Lake standards were collected a t  Black Lake ou t l e t  on 
f i ve  occasions between 19 June and 28 June (Appendix Table 4c ) .  The small escape- 
ment to  Black Lake in 1979 required t ha t  a l l  samples be collected during t h i s  
shor t  period and not d i s t r ibu ted  over a 1 onger period of time. A to ta l  o f  7,568 
scales were collected and ages were assigned t o  1,397 (89.1%). The 2 . 3  age c lass  
was more abundant than the 1 .3  age c lass  in a l l  the samples col lec ted,  which i s  
very unusual f o r  Black Lake samples. The 1 .3  age c l a s s ,  which i s  usually the 
most abundant age c lass  in the Black Lake stock,  only accounted f o r  about 30% of 
the Black Lake scales  collected while the  2.3 age c lass  accounted fo r  more than 
50%. 

Standards f o r  the  Black Lake and Chignik Lake stocks were established f o r  the 2 . 2 ,  
1.3, and 2.3 age c lasses  in the i979 r u n .  Class i f ica t ion accuracies f o r  the 



T a b l e  9. S tock  c o m p o s i t i o n  e s t i m a t e s  f o r  t h e  s c a l e  p a t t e r n  a n a l y s i s  o f  t h e  1.3 
age c l a s s  i n  t h e  1978 sockeye salmon r u n  t o  C h i g n i k .  

--- 
Sample Adjusted ~ ~ = m a t e d  Smoothed Est imated 
Date N Stock Es t imate  Variance Est imate  Var iance 

61  9 100 Black Lake 1.019 .00668 1 .OOO .00155 
Chignik Lake -.019 .00668 0 .OOO ,00155 

6/12 73 B l a c k L a k e  1.102 .00730 1 .OOO .00248 
Chignik Lake - . lo2 .00730 0.000 .00248 

6/17 72 Black Lake 1.021 ,00832 1.000 .00279 
Chignik Lake -.021 .00832 0.000 .00279 

6 /20  62 Black Lake 1.009 .00947 1 .OOO .00311 
Chignik Lake - .009 .00947 0 .OOO .00311 

6 /23  50 Black Lake 1.057 .01018 .949 .00515 
Chignik Lake -.057 .01018 .051 .00515 

6/27 26 Black Lake .847 .02668 .949 .00667 
Chignik Lake .153 .02668 .051 .00667 

6 /30  21 Black Lake 1.014 .02318 
Chignik Lake -.014 .02318 



Table  10. Stock composi t ion es t ima tes  f o r  t h e  s c a l e  p a t t e r n  a n a l y s i s  o f  t h e  
2.3 age c l a s s  i n  t h e  1978 sockeye salmon run  t o  Ch ign ik .  

-- - 
Sample Adjusted Estimated Smoothed ~ s t i m a t e d  
Date N Stock Est imate  Variance Estimate Variance 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 



Figure 10. Daily stock composition during the period of transit ion for  the 
age-specific stock composition estimates smoothed by a moving 
average of three sample dates. The average TOE curve (shifted 
f ive  days ea r l i e r )  used by ADF&G t o  separate the 1978 Chigni k 
sockeye salmon r u n  by stock i s  shown for  comparison. 



Table 1 1 .  Summary of the escapement, commercial catch, and total return by age 
class and stock for the 1978 Chignik sockeye salmon run estimated by 
analysis of scale patterns. 

1 . I  2 .1  1 . 2  2 .2  3 .2  1 .3  2.3 3.3 1 .4 2  .4 Ortier Total 

Black Lake 

Escapement 0 
X 0.0U 

Catch 0 
X 0.00 

Total  0 
X 0.00 

Cllignik Lake 

Escapement 0 
X 0.lJ0 

Catch 0 
X 0.00 

Total 0 
X 0.00 



5/26 6/5 6/15 6/25 7/5 7/15 7/25 8/4 8/14 8/24 9/3 
DRTE 

Figure  11. T o t a l  d a i l y  abundance of t h e  Black Lake (--) and Chign ik  Lake ( - - - )  s tocks i n  t he  1978 Chi 
sockeye salmon run.  

gn i  k  



5/26 6/5 6/15 6/25 7/5 7/15 7\25 $14 8/14 8/24 9/3 
DATE 

F igu re  12. D a i l y  escapement (---) and t o t a l  d a i l y  abundance (- - - ) ,  ad j us ted  t o  Chign i  k Lagoon date,  f o r  the  
1979 Ch ign i  k sockeye salmon run .  



6/5 6/ 15 6/25 7/5 7/ 15 7/25 8 /  4 8/ 14  8/24 

DATE 

F igu re  13. Age composi t ion o f  sca le  samples c o l l e c t e d  i n  Ch ign ik  Lagoon du r i ng  t h e  1979 sockeye salmon run, 
by sample date.  Minor  age groups a r e  n o t  shown. 



l i n ea r  discriminant functions were 78.4%, 72.6%, and 9 3 . 5 W o r  the 2 . 2 ,  1 .3 ,  and 
2.3 age c lasses ,  respectively (Table 1 2 ) .  A summary of the sca le  characters 
selected fo r  each age-specific L D F  i s  given in Table 13. 

The 2 . 2 ,  1 .3 ,  and 2.3 age classes were present in numbers su f f i c ien t  f o r  analysis  
of t h e i r  scale  patterns f o r  the scale  samples of unknown stock composition col- 
lected in Chignik Lagoon during 1979. The 1 .3  age c lass  could not be analyzed 
a f t e r  13 July because of insuf f i c ien t  sample s izes .  Tables 14-16 sumnlarize the 
adjusted stock composition estimates and the smoothed stock composition estimates 
f o r  the  2.2, 1 .3 ,  and 2.3 age c lasses .  A comparison of the smoothed dai ly  stock 
composition estimates f o r  each age c lass  and the average TOE curve used by ADF&G 
in 1979 i s  shown in Figure 14. 

The to ta l  Black Lake run in 1979 was 576,985, with 385,694 salmon escaping t o  
Black Lake spawning areas and 191,291 taken in the commercial catch (Table 17) .  
More than 50% of the Black Lake run belonged to  the 2.3 age c l a s s ,  while age 1.3 
and 2.2 salmon were nearly equal l y  abundant. A to ta l  of 1,224,860 sockeye salmon 
were assigned to  the  Chignik Lake stock. The escapement t o  Chignik Lake spawning 
areas was 352,122 and there were 872,738 f i sh  belonging t o  t ha t  stock taken in 
the catch (Table 1 7 ) .  More than 70% of the Chignik Lake r u n  was assigned t o  the 
2.3 age c lass .  The to ta l  dai ly  return by stock i s  shown in Figure 15. The Black 
Lake stock was more abundant during June and the Chigni k Lake stock was the most 
abundant stock during July.  From about 1 July t o  4 July the stocks were equally 
abundant (Appendix Tables 4d and 4e) .  

The to ta l  sockeye salmon run to  Chignik in 1980 was 1,524,476. There were 664,061 
salmon in  the escapement and a to ta l  catch of 860,415 (Appendix Table 5a) .  The 
temporal d i s t r ibu t ion  of the 1980 run was very s imi lar  t o  the 1979 run. A re la-  
t ive ly  small peak in abundance in June was followed by a much larger  peak in 
abundance during the second week of July (Figure 16) .  

Scale samples were collected in Chignik Lagoon on 20 sample dates from 6 June to  
27 August (Appendix Table 56). The sampl ing e f f o r t  was evenly d i s t r ibu ted  throwgh- 
out June and July .  Ages were assigned t o  3,937 (83.9%) of the 4,691 scales col- 
lected in Chignik Lagoon. Similar to  the 1979 run, a l so ,  was the r e l a t i ve  abun- 
dance of the major age c lasses  present in Chignik Lagoon throughout the season. 
Age 2.3 sockeye salmon were the most abundant age group in a l l  samples collected 
b u t  one (Figure 17) .  Typically, the 1.3 age c lass  declined in abundance through- 
out  l a t e  June and ear ly  July and there was a large  increase in the abundance of 
the 2.2 age c lass  in t he  second week of July.  

The small escapement t o  Black Lake l imited the  col lec t ion of sca le  samples a t  
Black Lake o u t l e t  t o  a brief  period in  l a t e  June and ear ly  July ,  much as i t  had 
in 1979. Scale samples were collected on s i x  days between 26 June and 3 July 
(Appendix Table 5c ) .  A to ta l  of 1,556 scales  were col lected fo r  the Black Lake 
standards of which 1,367 (87.9%) were legible .  Atypically, the 1.3 and 2.3 age 
c lasses  were nearly equally abundant with 36.6% and 40.9% of the scales  collected 
assigned t o  those age c lasses ,  respectively.  



Table 1 2 .  Class i f ica t ion matrices fo r  age 2 . 2 ,  1.3,  a n d  2 .3  sockeye salmon in 
the 1979 Chigni k run. 

Age 2.2 

C l a s s i f i e d  s t o c k  
of o r i g i n  

Ac tua l  s t o c k  of o r i g i n  
Black Lake Chignik Lake 

Black Lake 
Chignik Lake 

Sample s i z e  99 200 ................................................................. 
Mean c l a s s i f i c a t i o n  = 0.784 

................................................................ 
Age 1.3 

C l a s s i f i e d  s t o c k  Actua l  s t o c k  of o r i g i n  
of o r i g i n  Black Lake Chignik Lake ................................................................. 

Black Lake 
Chignik Lake 

Sample s i z e  200 3 5 

Mean c l a s s i f i c a t i o n  = 0.726 

............................................................... 
Age 2.3 

C l a s s i f i e d  s t o c k  
of o r i g i n  

Ac tua l  s t o c k  of o r i g i n  
Black Lake Chignik Lake 

Black Lake 
Chignik Lake 

Sample s i z e  200 200 ................................................................. 
Mean c l a s s i f i c a t i o n  = 0.935 



Table !3. Scale charac te rs  se l ec ted  f o r  t h e  f i n a l  d i s c r i m i n a n t  f unc t i ons  used 
t o  c l a s s i f y  t h e  2.2, 1.3, and 2.3 age c lasses  i n  t he  1979 Ch ign ik  
sockeye salmon run.  (C = c i r c u l u s ,  FW = f reshwater,  A Z  = annu la r  
zone) l . 

Age 2.2 

S c a l e  c h a r a c t e r s  Black Lake - Chignik - Lake 
s e l e c t e d  x s x s 
....................................................................... 

1. number of c i r c u l i  i n  1st FW AZ 7.9 1.6 6 .O 0.9 
2. r e l a t i v e  s i z e ,  wid th  of t h e  wides t  0.18 0.03 0.16 0.02 

p a i r  of c i r c u l i  i n  t h e  2nd FW AZ 

Sample s i z e  9 9 200 
E q u a l i t y  of c o v a r i a n c e  m a t r i c e s ,  s i g n i f i c a n t  a 5 0 . 0 1  ...................................................................... 
....................................................................... 
Age 1.3 

S c a l e  c h a r a c t e r s  Black Lake - Chignik - Lake 
s e l e c t e d  x s x s ....................................................................... 

1. t o t a l  width  of FW growth zone 220.6 30.5 195.2 26 .I3 
2. d i s t a n c e  C 1  t o  C2, 1st FW AZ 24.2 4.7 20.6 4.4 
3. d i s t a n c e  3 r d  C b e f o r e  end of 1st 49.3 7.7 46.1 6.8 

FW AZ t o  end of 1st FW AZ 

Sample s i z e  200 35 
E q u a l i t y  of covar iance  m a t r i c e s ,  n o t  s i g n i f i c a n t  
_--------------------*------------------------------------------------- 

...................................................................... 
Age 2.3 

S c a l e  c h a r a c t e r s  Black Lake - Chignik - Lake 
s e l e c t e d  x s x s ..................................................................... 

1. width  o f  1 s t  FW AZ 150.9 19.7 96.9 17.2 
2. r e l a t i v e  s i z e ,  d i s t a n c e  C 1  (2nd 0.85 0.05 0.81 0.05 

FW AZ)  t o  end of 2nd FW AZ 
3 .  r a t i o ,  wid th  1st FW AZ t o  width  0.54 0.06 0.45 0.07 

t o t a l  FW growth zone 

Sample s i z e  200 200 
E q u a l i t y  of c o v a r i a n c e  m a t r i c e s ,  s i g n i f i c a n t  a 2 0 . 0 1  

A l l  l i n e a r  d i s t ances  repo r t ed  i n  0 .01 ' s  o f  inches a t  210X. 



Table 14. Stock composi t ion es t imates  f o r  t h e  sca le  p a t t e r n  a n a l y s i s  of t h e  
2.2 age c l a s s  i n  t h e  1979 sockeye salmon run t o  Chign ik .  

Sample Adjusted Estimated Smoothed Estimated 
Date N Stock Est imate  Variance Estimate Variance 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 



Table 15. Stock composi t ion es t imates  f o r  t h e  sca le  p a t t e r n  a n a l y s i s  o f  t h e  
1 .3  age c l a s s  i n  t h e  1979 sockeye salmon r u n  t o  Ch ign ik .  

Sample Adjusted Estimated Smoothed  st i m a t x  
Date N Stock Estimate Variance Estimate Variance 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 



Table 16. Stock composi t ion es t imates  f o r  t h e  sca le  p a t t e r n  ana l ys i s  o f  t he  
2.3 age c l a s s  i n  t he  1979 sockeye salmon r u n  t o  Chign i  k. 

Sample Adjusted Estimated Smoothed Estimated 
Date N Stock Est imate  Variance Est imate  Variance 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 



Figure 14. Daily s tock composition during t h e  period of t r a n s i t i o n  f o r  the  
age-spec i f ic  stock composition es t imates  smoothed by a moving 
average of three  sample da te s .  The average TOE curve used by 
ADF&G t o  separa te  t h e  1979 Chignik sockeye salmon r u n  by s tock 
i s  shown f o r  comparison. 



Table 1 7 .  Summary of the escapement, commercial catch,  and to ta l  return by 
age c lass  and stock fo r  the 1979 Chignik sockeye salmon r u n  e s t i -  
mated by analysis of scale  patterns.  

-- - - - - - - - - - - - -. -- - a -- - -- - - - - - - - 
Age ....................................................................................... 

1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Utt~cr Total 

Black Lake 

Escapement 247 953 12,158 b9,lbU 652 99,993 199,401 1,748 0 782 0 385,694 
X 0.06 0.25 3.31 17.93 0.17 25 .93 51.70 0.45 0.00 0.20 0.00 100 .OO 

Catch 259 824 6,686 45,245 735 20.297 116,470 748 0 27 0 191,291 
4 0.14 0.43 3.50 23.65 0.38 10.61 6U.89 0.39 0.00 0.01 0.00 1l)0.00 

Total 506 1,777 19,444 114,405 1,387 120,290 315,871 2,496 0 800 0 576,985 
% 0.U9 0.31 3.37 19.83 0.24 20.85 54.74 0.43 0.00 0.14 0.00 100 .OO 

Chignik Lake 

Escapement 342 1,143 7,b53 43,481 965 67,543 229,469 1,276 0 250 0 352,122 
% U.10 0.33 2.17 12.35 0.27 19.18 65.17 0.36 0.00 U.07 0.00 100 .OO 

Catch 728 5,768 16,158 147,574 2,771 34,776 662,643 2,311 0 9 0 872,738 
4 0.08 0.66 1.85 16.91 0.32 3.98 75.93 0.27 0.00 T1 0.00 100 .U0 

T o t a l  1,U70 6,911 23,811 191,055 3,736 102,319 892,112 3,587 0 259 0 1,224,8bO 
X 0.09 0.57 1 .Y4 15.60 0.31 8.35 72.83 0.29 0.00 0.02 0.00 100.00 

Trace < 0.005%. 



Figure 15. Total d a i l y  abundance of t he  Black Lake (-) and Chignik Lake ( - - - )  stocks i n  t h e  1979 Chignik 
sockeye salmon r u n .  



5/26 6/5 6/15 6/25 7/5 7/15 7/25 8/4 8/14 8/24 9/3 
DATE 

F i g u r e  16. D a i l y  escapement (-) and t o t a l  d a i l y  abundance ( - - - ) ,  a d j u s t e d  t o  Ch ign ik  Lagoon date ,  f o r  the  
1980 Ch ign ik  sockeye salmon r u n  



6/5 6/15 6/25 7/5 7/15 7/25 8/ 4 8/14 8/24 
DRTE 

F i g u r e  17. Age composi t ion o f  sca le  samples c o l l e c t e d  i n  Ch ign ik  Lagoon d u r i n g  t he  1980 sockeye salmon run, 
by sample date.  Minor  age groups a r e  n o t  shown. 



Black Lake and Chignik Lake standards were established fo r  the 2.2, 1 .3 ,  and 
2.3 age classes i n  the 1980 run. The c l a s s i f i c a t i on  accuracies of the l inear  
discriminant functions were 85.4% fo r  the 2 . 2  age c l a s s ,  74.8% fo r  the 1 .3  age 
c l a s s ,  and 83.8% fo r  the 2.3 age c lass  (Table 18 ) .  The scale  characters selected 
f o r  each age-specific L D F ,  and t he i r  mean and standard deviation fo r  each stock,  
a r e  given in Table 19. 

Scale samples of unknown stock composition a re  analyzed for  the 2.2, 1 .3 ,  and 
2.3 age c lasses  in the 1980 run. The sample s izes  of the 2 . 2  age c lass  were not 
large enough fo r  analysis  unti l  July.  Tables 20-22 summarize the adjusted stock 
composition estimates and the smoothed stock composition estimates f o r  each of 
the analyzed age c lasses .  The average TOE curve used by A D F & G  in 1980 i s  compared 
t o  the smoothed dai ly  stock composition estimates fo r  the 2 . 2 ,  1 .3 ,  and 2.3 age 
c lasses  in Figure 18. 

In 1980, 466,092 sockeye salmon were assigned to  the Black Lake stock. There 
were 311,332 salmon al located t o  the Black Lake escapement and 154,760 f i sh  of 
Black Lake or ig in  were taken in the commercial catch (Table 23). Age 2.3 salmon 
were the most abundant age group in the 1980 Black Lake r u n  with more than 60% 
of the run assigned t o  t h i s  age c lass .  This i s  very unusual f o r  the Black Lake 
r u n  which i s  typical ly  dominated by age 1.3 salmon. The t o t a l  Chignik Lake run 
was 1,058,384. The escapement t o  Chignik Lake spawning areas was 352,729 f i sh  
and there were 705,655 Chignik Lake spawners taken in the commercial catch (Table 
23). Typical of the Chigni k Lake stock, the 2.3 age c lass  was the most abundant 
age c lass  in the run. Because of the poor Black Lake return in 1980, the Black 
Lake stock was more abundant than the Chignik Lake stock in the da i ly  returns 
only during ea r ly  June. From 17 June unt i l  7 July the stocks were nearly equally 
abundant (Figure 19, Appendix Tables 5d and 5e) and a f t e r  7 July  the Chignik Lake 
stock was more abundant. 

A to ta l  of 2,942,342 sockeye salmon returned t o  Chignik in 1981. This was the 
l a rges t  t o t a l  run recorded s ince  1947. There was an escapement of 831,449 salmon 
and a t o t a l  commercial catch of 2,110,893 (Appendix Table 6a) .  Two d i sc re te  peaks 
of abundance were evident in  the 1981 run, one on 9 June and one on 10 July (Fig- 
ure 20). The ear ly-arr iv ing and la te-arr iv ing portions of the Chignik r u n  were 
approximately equal in magnitude in  1981. 

Scale samples fo r  age and stock composition estimates were collected in  Chignik 
Lagoon on 20 separate days between 3 June and 27 August (Appendix Table 6b).  The 
sampling e f f o r t  was evenly d i s t r ibu ted  throughout the period of high da i ly  abun- 
dance from 3 June to  12 July.  Ages were assigned t o  4,977 (85.4%) of the 5,829 
sockeye salmon scales  collected in Chignik Lagoon. The change in the r e l a t i ve  
abundance of the major age c lasses  present in Chignik Lagoon followed the pattern 
typical  of the Chignik run (Figure 21). 

Scale samples t o  construct  the Black Lake standards f o r  the L D F  analyses were 
collected a t  the o u t l e t  of Black Lake on s i x  sampling days in June (Appendix 
Table 6c) .  Ages were assigned to  87.8% of the 1,233 scales  col lec ted.  As i s  
expected f o r  the  Black Lake stock, age 1 .3  f i sh  were the dominant age group in 
the Black Lake samples with approximately 75% of the scales  assigned t o  t h a t  age 
c lass .  



Table 18.  C l a s s i f i c a t i o n  m a t r i c e s  f o r  age  2 . 2 ,  1 . 3 ,  and 2.3 sockeye salmon 
i n  t h e  1980 Chignik r u n .  

Age 2.2 

C l a s s i f i e d  s t o c k  
of o r i g i n  

Ac tua l  s t o c k  of o r i g i n  
Black Lake Chignik Lake 

Black Lake 
Chignik Lake 

Sample s i z e  3  6 15 1 

Mean c l a s s i f i c a t i o n  = 0.854 

.................................................................. 
Age 1.3 

C l a s s i f i e d  s t o c k  
of o r i g i n  

Ac tua l  s t o c k  of o r i g i n  
Black Lake Chignik Lake 

Black Lake 
Chignik Lake 

Sample s i z e  200 25 .................................................................. 
Mean c l a s s i f i c a t i o n  = 0.748 

.................................................................. 
Age 2 . 3  

C l a s s i f i e d  s t o c k  Actua l  s t o c k  of o r i g i n  
of o r i g i n  Black Lake Chignik Lake .................................................................. 

Black Lake 
Chignik  Lake 

Sample s i z e  200 200 

Mean c l a s s i f i c a t i o n  = 0.838 



l e  19. Scale characters selected fo r  the f inal  discriminant functions used 
to c l a s s i f y  the 2 . 2 ,  1.3,  and 2.3 age c lasses  in the 1980 Chignik 
sockeye salmon r u n .  ( C  = ci rculus ,  FW = freshwater, AZ = annular 
zone). 

Age 2.2 

Scale characters Black Lake Chignik Lake 
selected iZ. s x s - 

....................................................................... 
1. total number of circuli in 1st 14.4 1.9 11.6 1.2 

and 2nd FW AZ 
2. relative size, distance C1-C3 1st 0.25 0.05 0.32 0.05 

FW AZ 
3. relative size, width of the widest 0.14 0.03 0.18 0.03 

pair of circuli in the 1st FW AZ 

Sample size 36 15 1 

Equality of covariance matrices, significant a 5 0.05 ...................................................................... 

Age 1.3 

Scale characters Black Lake Chignik Lake 
selected Z s x s - 

....................................................................... 
1. total number circuli in FW zone 10.1 1.4 8.8 1.5 
2. width of 1st FW AZ 210.9 31.1 210.5 39.1 
3. distance focus to C1, 1st FW AZ 53.5 6.6 58.4 9.3 
4. average interval between cireuli 23.9 2.2 25.2 3.2 

in the 1st FW AZ 

Sample size 200 2 5 

Equality of covariance matrices, significant a 5 0.05 ....................................................................... 

Age 2.3 

Scale characters 
selected 

Black Lake Chignik Lake 
i S F S 

- 

1. total width of FW growth zone 331.9 28.0 287.7 31.1 
2. total width of FW annular zone 320.8 28.3 285.1 31.2 
3. relative size, distance focus to 0.70 0.10 0.84 0.10 

C5 1st FW AZ 
4. relative size, distance C2 to C5 0.30 0.05 0.36 0.05 

1st FW AZ 

Sample size 200 200 

Equality of covariance matrices, significant a < 0.01 



Tab le  20. Stock  compos i t i on  e s t i m a t e s  f o r  t h e  s c a l e  p a t t e r n  a n a l y s i s  o f  t h e  2.2 
age c l a s s  i n  t h e  1980 sockeye salmon r u n  t o  C h i g n i k .  

-- 
Sample N Stock Adjusted Estimated Smoothed Estimated 
Date Es t imate  Variance Est imate  Variance 

7 / 1 1  28 Black Lake .428 ,01939 
Chignik Lake .572 .01939 

7 1  13  46 Black Lake .345 .01168 .337 .00450 
Chignik Lake .655 .01168 .663 .00450 

7 1  15 5 1  Black Lake .238 .00943 .283 .00338 
Chignik Lake .762 .00943 .717 .00338 

7 /  17 54 Black Lake .267 .00933 .308 .00289 
Chignik Lake .733 .00933 .692 .00289 

7 1  19 90 Black Lake .419 .00727 .331 .00251 
Chignik Lake .581 .00727 -669 .00251 

7 12  1 99 Black Lake .308 .00599 .347 .00215 
Chignik Lake .692 .00599 .653 .GO215 

7 /23  98 B l a c k L a k e  .313 ,00607 .207 .00134 
Chignik Lake .687 .006G7 -793 .00134 



Tab le  21. Stock c o m p o s i t i o n  e s t i m a t e s  f o r  t h e  s c a l e  p a t t e r n  a n a l y s i s  o f  t h e  
1.3 age c l a s s  i n  t h e  1980 sockeye salmon r u n  t o  C h i g n i k .  

Sample N Stock Adjusted Est imated Smooched Est imated 
Date Es t ima te  Variance Es t ima te  Varlance 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 



Tab le  22. S tock  compos i t i on  e s t i m a t e s  f o r  t h e  s c a l e  p a t t e r n  a n a l y s i s  o f  t h e  
2 .3  age c l a s s  i n  t h e  1980 sockeye salmon r u n  t o  C h i g n i k .  

- 
Sample N s t o  c k  Adjus ted  Es t ima t ed  Smooched Es t ima t ed  
Date  E s t i m a t e  Va r i ance  E s t i m a t e  Var iance  

6 /  6 23 Black Lake .558 .02458 .766 .00408 
Chignik  Lake .442 .02458 .234 .00408 

61  8 45 Black Lake .7 40 .01215 .694 .00544 
Chignik  Lake .260 .ill215 .306 .00544 

bill 43 Black Lake .784 .01227 ,733 .00398 
Chignik  Lake .216 .01227 .267 .00398 

6 /  13  50 Black  Lake .674 .01142 .751 .00395 
Chignik  Lake .326 .01142 .249 .00395 

6 /17  44 Black Lake .795 .01190 .751 .00380 
Chignik  Lake .205 .01190 .249 .00380 

6 / 2 3  49 Black Lake .783 .01091 .705 .00362 
Ch ign ik  Lake .217 .01091 .295 .00362 

71 1 61 Black Lake .538 .00975 .578 .00319 
Chignik  Lake .462 .00975 .422 .00319 

71 5 73 Black Lake .414 .00809 .468 .00267 
Chignik  Lake .586 .00809 .532 .00267 

7 /10  100 Black Lake .452 .a0617 .405 .00225 
Ch ign ik  Lake .548 .00617 .595 .00225 

7 / 1 1  100 Black Lake .348 .00595 .3  14 .00191 
Chignik  Lake .652 .00595 .686 .00191 

7 / 1 3  100 Black Lake . I 41  .00504 .225 .00181 

Chignik  Lake .859 .00504 .775 .00181 

7 /  15 100 Black Lake .185 .00528 . I 11  .00161 
Chignik  Lake .815 . .00528 .889 .00161 

7 /17  100 Black Lake .007 .00414 .064 .00144 
Chignik  Lake .993 .00414 .936 -00144 

7 / 1 9  100 Black Lake -.067 .00353 .015 .00134 
Chignik  Lake 1.067 .00353 .985 .OO 134 

7 / 2 1  100 Black Lake .037 .00436 .030 ,00137 
Chignik  Lake .963 .00436 .970 .00137 

7 / 2 3  100 Black Lake .052 .00447 .030 .00098 

-- Chignik  Lake - .948 .00447 .970 .00098 
----. --- 



F igu re  18. D a i l y  s tock  composi t ion d u r i n q  t h e  p e r i o d  o f  t r a n s i t i o n  f o r  the  
age -spec i f i c  s tock  composi t ion est imates smoothed by a moving 
average o f  t h r e e  sample dates.  The average TOE curve  used by 
ADF&G t o  separate  t h e  1980 Ch ign ik  sockeye salmon r u n  by s tock  
i s  shown f o r  comparison. 



Table 23. Summary o f  t h e  escapement, commercial catch,  and t o t a l  r e t u r n  b y  age c l a s s  and s tock  f o r  the  1980 
Ch ign ik  sockeye salmon r u n  es t imated  by a n a l y s i s  o f  s ca le  pa t t e rns .  

~ . . . -- - - - 
Age ....................................................................................... 

1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other Total 

Black Lake 

Escapement 67 
% 0.02 

Catch 32 
Z 0.02 

Toral 99 
Z 0.02 

Chignik Lake 

Escapement 51 
Z 0.01 

Catch 20 1 
Z 0.03 

Total  252 
% 0.02 

Trace < 0.005% 



F i g u r e  19. T o t a l  d a i l y  abundance o f  t h e  B lack  Lake (---) and Chign i  k Lake ( - - - )  s tocks  i n  t h e  1980 Chign ik  
sockeye salmon run.  



Figure 20. Daily escapement (-) and t o t a l  d a i l y  abundance ( - - - ) ,  adjus ted  to  Chignik Lagoon da te ,  f o r  the  
1981 Chignik sockeye salmon run. 



F igu re  21. Age composi t ion of s c a l e  samples c o l l e c t e d  i n  Ch ign ik  Lagoon du r i ng  the 1981 sockeye salmon run, 
by sample date.  M inor  age groups a r e  n o t  shown. 



Standards fo r  the  Black Lake stock could be established only fo r  the 1.3 and 
2.3 age classes in 1981. For Chignik Lake, standards were constructed fo r  the 
2 . 2 ,  1 .3 ,  and 2.3 age c lasses .  Class i f ica t ion accuracies of the LDFs fo r  the 
1 .3  and 2.3 age classes were 74.9% and 79.6%, respectively (Table 24). The 
scale  characters selected fo r  each age-specific LDF, and the mean and standard 
deviation of each character by stock, a re  presented in Table 25. 

The stock composition estimates fo r  the 1 .3  and 2.3 age classes fo r  the sca le  
samples of unknown stock composition collected in Chigni k Lagoon in 1981 a r e  
sumarized in Tables 26 and 27. The shi f ted  TOE curve used by ADF&G to separate 
the stocks in 1981 i s  compared t o  the  smoothed dai ly  stock composition estimates 
fo r  the 1 .3  and 2.3 age classes in Figure 22.  

The t o t a l  Black Lake r u n  i n  1981 was 1,157,519 sockeye salmon, with an escapement 
of 438,540 and t o t a l  catch of 718,979 (Table 28). The 1 .3  and 2..3 age c lasses  
were the most abundant in the Black Lake stock,  composing 54.9% and 36.7% of the 
to ta l  run, respectively.  A to ta l  of 1,784,823 salmon were assigned to  the Chig- 
nik Lake stock. The escapement t o  Chignik Lake spawning areas was 392,909 salmon 
and there  were 1,391,914 f i sh  of Chignik Lake or ig in  taken in the commercial catch 
(Table 28). Atypical of the Chigni k Lake stock was the nearly equal abundance of 
1 .3  and 2.3 age c lasses  which accounted fo r  about 90% of the to ta l  Chignik Lake 
run. The da i ly  abundance by stock in 1981 was somewhat unusual f o r  the Chignik 
sockeye salmon r u n  because there was a great  degree of overlap between the two 
stocks (Figure 23, Appendix Tables 6d and 6e) .  

The to ta l  sockeye salmon run to  Chignik in 1982 was 2,514,582. There was 837,718 
salmon in the escapement and a to ta l  catch of 1,676,864 (Appendix Tab1 e 7a) .  The 
ea r ly  ar r iv ing portion of the run was very abundant from 13 June t o  30 June and 
had a peak da i ly  abundance of 337,305 on 18 June (Figure 24). The return of the 
l a t e  arrdving portion of the run was very poor in 1982. After 7 July ,  tbe to ta l  
dai ly  return never exceeded 32,000 salmon. 

Scale samples f o r  age and stock composition estimates were collected in Chignik 
Lagoon on 15 separate occasions from 7 June to  23 August (Appendix Table 7b). 
The sampling e f f o r t  was evenly d i s t r ibu ted  throughout June and July when the 
majority of the run returned. Of the 4,341 sockeye salmon scales collected,  
3,550 (81.8%) were l eg ib le  f o r  aging. The change in the r e l a t i ve  abundance of 
the major age c lasses  present in Chignik Lagoon followed the pattern typical of 
the Chignik r u n  (Figure 25). 

Scale samples were collected a t  Black Lake o u t l e t  on four days during l a t e  June 
and July and ear ly  July (Appendix Table 7c) .  Ages were assigned t o  83.4% of the 
1,172 scales  collected.  The 1.3 age c lass  dominated the Black Lake samples as 
more than 75% of each sample was assigned t o  i t .  

Only the 1.3 and 2.3 age c lasses  were abundant enough in the  Black Lake samples 
t o  es tabl ish  standards. The c l a s s i f i c a t i on  accuracy of each age-specific L D F  was 
75.8% f o r  the  1 .3  age c lass  and 82.6% f o r  the 2.3 age c lass  (Table 29). A summary 
of the sca le  characters selected f o r  each age-specific LDF i s  given in Table 30. 



Table  24. C l a s s i f i c a t i o n  m a t r i c e s  f o r  age 1.3 and 2.3 sockeye salmon i n  t h e  
1981 C h i g n i k  run.  

- -- 
Age 1.3 

C l a s s i f i e d  s t o c k  
of o r i g i n  

Ac tua l  s t o c k  of o r i g i n  
Black Lake Chignik ~ a k e -  

Black Lake 
Chignik Lake 

Sample s i z e  200 126 ................................................................. 
Mean c l a s s i f i c a t i o n  = 0.749 

................................................................ 
Age 2.3 

C l a s s i f i e d  s t o c k  
of o r i g i n  

Ac tua l  s t o c k  of o r i g i n  
Black Lake Chignik Lake 

Black Lake 
Chignik Lake 

Sample s i z e  140 200 ............................................................... 
Mean c l a s s i f i c a t i o n  = 0.796 



Table 25. Scale characters selected fo r  the f inal  discriminant functions used 
to  c lass i fy  the 1 .3  and 2.3 age classes in the 1981 Chignik sockeye 
salmon run. ( C  = ci rculus ,  FW = freshwater, AZ = annular zone)'. 

-- --- 
Age 1.3 

S c a l e  c h a r a c t e r s  Black Lake Chignik Lake - - 
s e l e c t e d  x s x s ....................................................................... 

1. d i s t a n c e  focus  t o  C4, 1 s t  EW AZ 130.1 15.2 114.5 14.2 
2. r a t i o ,  wid th  1st FW AZ t o  wid th  0.89 0.07 0.82 0.13 

t o t a l  FW growth zone 
3 .  r e l a t i v e  s i z e ,  d i s t a n c e  3 rd  C b e f o r e  0.23 0.05 0.29 0.08 

end of 1st FW AZ t o  end of 1 s t  EW AZ 
4. number of c i r c u l i  i n  1 s t  FW AZ 8.4 1.4 7.5 1.9 
5. r e l a t i v e  s i z e ,  d i s t a n c e  C 1  t o  C4 0.35 0.05 0.37 0.07 

1 s t  FW AZ 
6 .  d i s t a n c e  C2 t o  C4, 1st FW AZ 46.7 8.5 39.7 7.5 
7. average i n t e r v a l  between c i r c u l i  24.6 2.5 23.2 2.5 

i n  t h e  1 s t  FW AZ 

San;ple s i z e  200 126 

E q u a l i t y  of covar iance  m a t r i c e s ,  s i g n i f i c a n t  a 5 0 .01  ....................................................................... 

....................................................................... 
Age 2.3 

S c a l e  c h a r a c t e r s  Black Lake Chignik Lake 
s e l e c t e d  Tt s R s 

....................................................................... 
1. r a t i o ,  t o t a l  FW a n n u l a r  growth t o  0.99 0.04 0.95 0.04 

t o t a l  FW growth zone 
2. d i s t a n c e  end of 1st FW AZ t o  C2 36.0 6.3 41.1 5.9 

2nd FW AZ 
3 .  d i s t a n c e  f o c u s  t o  C 1 ,  1st FW AZ 57.7 7.4 54.7 5.5 
4. r e l a t i v e  s i z e ,  d i s t a n c e  C2 t o  C4 0.25 0.04 0.27 0.03 

1st FW AZ 

Sample s i z e  140 200 

E q u a l i t y  of covar iance  m a t r i c e s ,  s i g n i f i c a n t  a 5 0 . 0 1  

I All  1 inear distances reported in  0.01 ' s  of inches a t  210X. 



Tab le  26. S tock  cornposi t i o n  e s t i m a t e s  f o r  t h e  s c a l e  p a t t e r n  a n a l y s i s  o f  t h e  
1 . 3  age c l a s s  i n  t h e  1981 sockeye salmon r u n  t o  C h i g n i k .  

--- 
Sample N Stock Adjusted Estimated Smoothed Estimated 
Date Es t imate  Variance Est imate  Variance 

61  3 100 Black Lake .799 .01165 .806 .00265 
Chignik Lake .20 1 ,01165 .I94 .00265 

6 1  8 100 Black Lake .6 18 .01219 .625 .00406 
Chignik Lake .382 .01219 .375 .00406 

6 /11  100 Black Lake .458 .01267 .444 .00423 
Chignik Lake .542 .01267 .556 .0042 3 

6/15 100 Black Lake .257 .01325 .378 ,00430 
Chignik Lake .743 .O 1325 -622 .00430 

6/17 100 Black Lake .418 .01278 .431 .00425 
Chignik Lake .582 .01278 .569 .00425 

6/19 100 Black Lake .618 .01219 .5 11 .00417 
Chignik Lake .382 .01219 .489 .00417 

6 /22  100 Black Lake .498 .01255 .478 .00420 
Chignik Lake .502 .01255 .522 .00420 

6/24 100 Black Lake .317 .01308 .384 ,00429 
Chignik Lake .683 .01308 .616 .00429 

6 /28  100 Black Lake .337 .01302 .250 .0046 1 
Chignik Lake .663 .O 1302 .750 .0046 1 

71 1 84 Black Lake .095 .01536 .I78 .00468 
Chignik Lake .905 .01536 .822 .00468 

71 3 99 Black Lake . lo3  .01378 .131 .00531 
Chignik Lake .897 .01378 .869 .00531 

71 6 64 Black Lake -196 .01865 .I92 .00668 
Chignik Lake .804 .01865 .808 .00668 

7 /  9 40 Black Lake .277 .02771 .182 .00774 
Chignik Lake .723 .02771 .818 .00774 

7 /12  47 Black Lake .072 -02329 .257 .00907 
Chignik Lake .928 .02329 .743 ,00907 

7 /21  36 Black Lake .422 .03064 .I65 .00599 
Chignik Lake .578 .03064 .835 .00599 



Table  27. Stock  compos i t i on  e s t i m a t e s  f o r  t h e  s c a l e  p a t t e r n  a n a l y s i s  o f  t h e  
2.3 age c l a s s  i n  t h e  1981 sockeye salmon r u n  t o  C h i g n i k .  

- - - - -- -- -- -- - -- -- -- 
Sample N Stock Adjusted Est imated Smoothed Estimated 
Date Es t ima te  Var iance  Es t ima te  Variance 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

7 /  1  100 Black Lake 
Chignik Lake 

7 /  3 100 Black Lake 
Chignik Lake 

7 1  6 100 Black Lake 
Chignik Lake 

7 /  9 100 Black Lake 
Chignik Lake 

7 /12  100 Black Lake 
Chignik Lake 

7 / 2 1  100 Black Lake 
Chignik Lake 



Figure 22. Daily stock composition during the period of transit ion for the 
age-specific stock composition estimates smoothed by a moving 
average of three sample dates. The average TOE curve (shif ted 
ten days ea r l i e r )  used by ADF&G to  separate the 1981 Chignik 
sockeye salmon run by stock i s  shown for  comparison. 



Table 28. Summary of the escapement, commercial catch, and total  return by age class and stock for the 1981 
Chignik sockeye salmon run estimated by analysis o f  scale patterns. 

- 
Age ....................................................................................... 

1 .I  2.1 1.2 2.2 3.2 1.3 2 - 3  3.3 1 .4 2 .4 Other  Total  

-- -- 

Black Lake 

Escapement 8 24 21,765 5 ,198 161 309,271 96,917 358 310 32 4 ,496 438,540 
Z T I  0.01 4.96 1.19 0.04 70.52 22 . I 0  0.08 0.07 0.01 1 .02 100 .OO 

Catch 215 346 34,492 18,374 843 326,730 328,005 2 ,233 650 397 6,694 718,979 
% 0.03 0.05 4.80 2.56 0.12 45.44 45.62 0.31 0.09 0.05 0 .93  100.00 

Total  223 370 56,257 23,572 1.U04 636,001 424,922 2,591 960 429 11,190 1 ,157,519 
2 0.02 0.03 4.86 2.04 0.09 54.94 36.71 0.22 0.08 0.04 0.97 100.00 

Chignik Lake 
Escapement 96 467 14,322 17 ,645 516 230,238 125,605 1,087 315 278 2 ,340 392,  909 

X 0.02 0.12 3.64 4.49 0.13 58 -60 31 .97 0.28 0.08 0.07 0.60 100 .00 

Cacch 320 3 ,451 37,719 75,354 3,006 534,515 721,755 8 ,043  586 2,005 5 ,160 1 ,391,914 
X 0.02 0.25 2 .71 5.41 0.22 38.40 51 .85 0.58 0.04 0.15 0.37 iO(1.00 

T o t a l  416 3 ,918 52,041 92 ,999 3,522 764,753 847,360 9,130 901 2 ,283 7,500 1 ,784,823 
% 0.02 0.22 2.91 5.21 0.20 42.85 47.48 0.51 0.05 0.13 0.42 100 .00 

Trace < 0.005% 



F i g u r e  23. T o t a l  d a i l y  abundance o f  t h e  B lack  Lake (-) and C h i g n i k  Lake ( - - - )  s tocks  i n  the  1981 Ch ign ik  
sockeye salmon run .  



Figure 24. Daily escapement (-) and t o t a l  d a i l y  abundance ( - - - ) ,  adjusted to  Chigni k Lagoon da te ,  f o r  
1982 Chignik sockeye salmon run. 

the  



6/5 6/ 15 6/25 7/5 7/15 7/25 8/4 8/ 14 8/24 
DATE 

F igu re  25. Age composi t ion of s ca le  samples c o l l e c t e d  i n  Ch ign ik  Lagoon du r i ng  t h e  1982 sockeye salmon run, 
by sample date.  Minor  age groups a r e  n o t  shown. 



Table  29. C l a s s i f i c a t i o n  m a t r i c e s  f o r  age 1.3 and 2.3 sockeye salmon i n  t h e  
1982 C h i g n i k  run .  

------- --- 
Age 1.3 

C l a s s i f i e d  s tock  
of o r i g i n  

Ac tua l  s t o c k  of o r i g i n  
Black Lake Chignik Lake 

Black Lake 
Chignik Lake 

Sample s i z e  200 6 7  

................................................................ 
Mean c l a s s i f i c a t i o n  = 0.758 

Age 2.3 

C l a s s i f i e d  s t o c k  Actua l  s t o c k  of o r i g i n  
of o r i g i n  Black Lake Chignik Lake 

Black Lake 
Chignik Lake 

Sample s i z e  

Mean c l a s s i f i c a t i o n  = 0.826 



Table 30. Scale charac te rs  se l ec ted  f o r  t h e  f i n a l  d i s c r i m i n a n t  f u n c t i o n s  used 
t o  c l a s s i f y  t h e  1 .3  and 2.4 age c lasses  i n  t he  1982 Chign ik  sockeye 
salmon run .  ( C  = c i r c u l u s ,  FW = f reshwate r ,  AZ = annual zone)'. 

-- --- -- -- 
Age 1.3 

S c a l e  c h a r a c t e r s  
s e l e c t e d  

Black Lake Chignik Lake 
z s i7 S 

1. t o t a l  number of FW c i r c u l i  9.9 1 .0 8.5 1.4 
2. d i s t a n c e  focus  t o  C 1 ,  1 s t  FW AZ 57.3 7.3 52.1 8.1 
3. r a t i o ,  wid th  1st FW AZ t o  t o t a l  0.90 0.08 0.96 0.07 

wid th  FW growth zone 
4 .  d i s t a n c e  C2 t o  C5, 1st FW AZ 66.4 9.7 61.5 9.8 

Sample s i z e  200 67 

E q u a l i t y  of c o v a r i a n c e  m a t r i c e s ,  s i g n i f i c a n t  a 5 0.05 ....................................................................... 
....................................................................... 
Age 2.3 

S c a l e  c h a r a c t e r s  
s e l e c t e d  

Black Lake Chignik Lake 
z S it s 

1. d i s t a n c e  f o c u s  t o  C1, 1st FW AZ 56.6 7.1 52.9 5.7 
2. d i s t a n c e  C1 t o  C3, 2nd FW AZ 38.4 7.0 46.4 5.9 
3. r e l a t i v e s i z e , w i d t h o f t h e w i d e s t  0.20 0.03 0.18 0.02 

p a i r  of c i r c u l i  i n  t h e  2nd FW AZ 

Sample s i z e  103 200 

E q u a l i t y  of c o v a r i a n c e  m a t r i c e s ,  s i g n i f i c a n t  a 5 0.01 

All l i n e a r  d is tances  r e p o r t e d  i n  0.01's o f  inches a t  210X. 



The results of the LDF analyses of the 1.3 and 2.3 age classes for the samples 
of u n k n o w n  stock composition are  given in Tables 31 and 32. The age-specific 
stock composition estimates for  the 1.3 and 2.3 age classes are shown in relation 
t o  the shifted TOE curve used by ADF&G in 1982 in Figure 26. 

The total  Black Lake run in 1982 was 1,867,322 salmon. The escapement to Black 
Lake spawning areas was 616,117 salmon and there were 1,251,205 f ish of Black 
Lake origin taken in the commercial catch (Table 33). About  87% of the 1982 
Black Lake run were age 1.3 salmon. Only 647,260 sockeye salmon of Chignik Lake 
origin returned in 1982. The escapement t o  Chignik Lake spawning areas was 221,601 
and 425,659 f ish belonging to the Chignik Lake stock were taken in the commercial 
catch (Table 33). The distribution of the daily abundance of each stock during 
the 1982 returns i s  shown in Figure 27 (Appendix Tables 7d and 7e) .  

Summary of the Post-season Analyses 

A great diversity in the character of the five runs analyzed for th i s  report i s  
evident. The contribution of each stock to the total  run: was approximately equal 
in 1978 and 1981; was dominated by the Chignik Lake stock in 1979 and 1980; and by 
the Black Lake stock in 1982. There was a difference of about one mill ion fish 
between the smallest and largest runs observed for each stock during the years 
1978-1982 (Tables 34 and 35). The relative abundance of the major age classes 
also varied considerably from year to  year for  b o t h  stocks. Although the major- 
i ty of the Black Lake stock usually spent one year in freshwater and the majority 
of the Chignik Lake stock two years, there were important exceptions in some years. 
I t  i s  d i f f i c u l t  t o  define generali t ies concerning the Chignik sockeye salmon runs 
during th i s  period because of the unique influence of each stock on the total  run. 
The return of a majority of the Black Lake stock in June and a majority of the 
Chignik Lake stock in July was consistent in a l l  years. The degree of overlap 
in the run of the two stocks, however, was very different  from year t o  year. 

In-season Separation by Stock of the Chignik Sockeye Salmon Runs, 1979-1382 - 

The in-season stock separation analyses could only be conducted af te r  satisfactory 
standards representing the Chignik Lake stock were established. For each age 
class t o  be analyzed, a Chignik Lake standard with scale patterns similar to 
those in the actual return was needed. Two possibi l i t ies  were examined for  the 
representative standards: (1 ) using the previous year 's  2 .2  Chi gni k Lake standard 
to  represent the 2.3 standard in the year of analysis; and ( 2 )  using a standard 
formed by pool i ng the Chi gni k Lake standards for  e i ther  the 1 .3 or 2.3 age cl asses 
from several years. The hypothesis of e i ther  of these approaches i s  that  the 
difference between the scale growth characters of the representative Chignik Lake 
standard and the actual standard used in the post-season analysis, i s  s igni f i -  
cantly less than the difference between the Chigni k Lake and Black Lake standards 
in the year of analysis. To evaluate each method of forming a representative 
standard, the mean scale growth characters for  the representative standards and 
actual standards were compared. 

Comparison of the 2.3 Chignik Lake Standards to the Previous Year's 2 .2  Chignik 
Lake Standards 

The mean scale growth characters for  each s e t  of 2 .2-2 .3  Chignik Lake standards 
were tested for equality by the Hotel1 ing TZ s t a t i s t i c .  In each lacustrine 



Table 31. Stock composi t ion est imates f o r  the sca le  p a t t e r n  a n a l y s i s  o f  t h e  1.3 
age c l ass  i n  t he  1982 sockeye salmon run  t o  Chign ik .  

-- -- 
Sample N Stock Adjusted Estimated Smoothed Estimated 
Date Est imate  Variance Estimate Variance 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 



Table 32. Stock composi t ion est imates f o r  t h e  sca le  p a t t e r n  a n a l y s i s  o f  t he  2.3 
age c l ass  i n  t h e  1982 sockeye salmon r u n  t o  Ch ign ik .  

- - 
Sample Adjusted ~ s x m a t e d  Smoothed  st inatehi 
Date N Stock Est imate  Variance Estimate Variance 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 



F i g u r e  26. D a i l y  s tock  composi t ion d u r i n g  t h e  p e r i o d  o f  t r a n s i t i o n  f o r  t h e  
age -spec i f i c  s tock  composi t ion es t imates  smoothed by a  moving 
average of t h r e e  sample dates.  The average TOE curve  ( s h i f t e d  
f i v e  days e a r l i e r )  used by ADF&G t o  separate  t h e  1982 Chign i  k 
sockeye salmon r u n  by s tock  i s  shown f o r  comparison. 



T a b l e  33. Summary o f  t h e  escapement, commercial c a t c h ,  and t o t a l  r e t u r n  by  age c l a s s  and s t o c k  f o r  t h e  
1982 C h i g n i k  sockeye salmon r u n  e s t i m a t e d  by  a n a l y s i s  o f  s c a l e  p a t t e r n s .  

1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other  T o t a l  

B lack  Lake 

Escapement 17U 313 11,784 4,049 0 537,548 44,601 27 388 82 17,155 616,117 
% 0.03 0.05 1 .91 0.66 0.00 87.25 7.24 0.01 0.06 0.01 2.78 I O U  .OO 

Catch  1,024 2,631 41,242 8,169 0 1,086,147 85,299 6 397 299 25,991 1,251,205 
X 0.08 0.21 3.30 0.65 0 .OO 86.81 6.82 T~ 0.03 0.02 2.08 100 .OO 

To ta l  1,194 2,944 53,026 12,218 0 1,627,695 129,900 33 785 381 43,146 1,867,322 
X 0.06 0.16 2.84 0.65 0.00 86.95 6.96 TI 0.04 0.02 2.31 99.99 

Chign ik  Lake 

Escapement 303 1,978 4,350 17,325 0 53,006 139,994 1,122 622 1,726 1,185 221,601 
X 0.14 0.89 1 .96 7.82 0.00 23.92 63.17 0.50 0.28 0.78 0.54 100 .OO 

Catch 1,434 3,007 9,996 34,036 0 80,109 287,723 886 1,505 3.796 3,167 425,659 
9: 0.34 0.71 2.35 8.01) 0.00 18.82 67.59 0.21 0.35 0.89 0.74 100 .OO 

T o t a l  1,737 4,985 14,346 51,361 0 133,115 427,717 1,998 2,127 5,522 4,352 647,260 
X 0.27 0.77 2.22 7.93 0.00 20.57 66.08 0.31 0.33 0.85 0.67 100 .OO 

Trace  < 0.005% 



F i g u r e  27. T o t a l  d a i l y  abundance o f  t h e  B l a c k  Lake (-) and C h i g n i k  Lake ( - - - )  s t o c k s  i n  t h e  1982 C h i g n i k  
sockeye salmon r u n .  



Tab le  34. T o t a l  r e t u r n  by  age c l a s s  f o r  t h e  B l a c k  Lake s tock ,  1978-1982, es t ima ted  by t h e  s c a l e  p a t t e r n  
a n a l y s i s  method. 

- -- - - - - - 

Age 
--------- -- -- -- 

Year 1 . 1  2 . 1  1 . 2  2.2  3 . 2  1 . 3  2 . 3  3 . 3  1.4  2 .4  Other  T o t a l  

1 Trace  < 0.005% 



T a b l e  35. T o t a l  r e t u r n  b y  age c l a s s  f o r  t h e  C h i g n i  k  Lake s t o c k ,  1978-1982, e s t i m a t e d  by t h e  scale  p a t t e r n  
a n a l y s i s  method. 

Age ....................................................................................... 
Year 1 . I  2 . 1  1 . 2  2 . 2  3 . 2  1.3 2 . 3  3 . 3  1.4 2 .4  Other T o t a l  

Trace  < 0.005% 



annular  zone t he  s e t  o f  mean sca le  growth charac te rs  t e s t  i n  p rev ious  H o t e l l i n g  
TZ analyses were compared. S i g n i f i c a n t  d i f f e r e n c e s  between t h e  standards were 
found i n  t h r e e  o f  t h e  f o u r  t e s t s  o f  t h e  f i r s t  l a c u s t r i n e  annu la r  zone and i n  two 
o f  t he  t e s t s  o f  t h e  second l a c u s t r i n e  annu la r  zone (Table  36).  Roy-Bose s imu l -  
taneous 95.0% conf idence i n t e r v a l s  i n d i c a t e d  t h a t ,  w i t h  one excep t ion ,  t he re  was 
a  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  mean number o f  c i r c u l  i i n  t h e  annu la r  zone f o r  
t he  2.2 and 2.3 Ch ign ik  Lake standards which were d i f f e r e n t .  I n  two o f  t h e  t e s t s  
t h e  mean w i d t h  o f  t h e  annular  zone was s i g n i f i c a n t l y  d i f f e r e n t ,  a l s o .  I n  o n l y  
one t e s t  was a  s i g n i f i c a n t  d i f f e r e n c e  found i n  t h e  mean sca le  growth w i t h i n  a  
l a c u s t r i n e  annu la r  zone. 

Al though t h e r e  were o f t e n  s i g n i f i c a n t  d i f f e r e n c e s  betweenthe 2.3 Ch ign ik  Lake 
standards and t h e i r  r e p r e s e n t a t i v e  2.2 standards f o r  t he  cha rac te r s  r e f l e c t i n g  
t h e  t o t a l  s c a l e  growth o f  an annu la r  zone, t h e  growth w i t h i n  t h e  annu la r  zones, 
s p e c i f i c a l l y  t h e  mean d i s t ance  t o  each o f  t h e  f i r s t  f i v e  c i r c u l  i i n  each annu la r  
zone, was u s u a l l y  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  For  each s e t  o f  2.2-2.3 Ch ign ik  
Lake standards,  the mean sca le  growth t o  each o f  t h e  f i r s t  s i x  c i r c u l i  i n  each 
l a c u s t r i n e  annu la r  zone i s  shown, and compared t o  t h e  mean growth f o r  t he  co r res -  
ponding 2.3 B lack Lake standard,  i n  F igures  28a-d. The mean sca le  growth w i t h i n  
each l a c u s t r i n e  annu la r  zone was u s u a l l y  v e r y  s i m i l a r  f o r  each o f  t h e  Ch ign ik  
Lake 2.2-2.3 comparisons. 

Eva lua t i on  o f  a  Year 's  Pooled Standard 

A  y e a r ' s  pooled Ch ign ik  Lake s tandard cou ld  be es tab l i shed  f o r  bo th  t h e  1.3 and 
2.3 age c lasses.  The hypo thes is  o f  i d e n t i c a l  mean sca le  growth du r i ng  t h e  years  
1978-1 982 was t e s t e d  by mu1 t i v a r i a t e  a n a l y s i s  o f  va r iance .  The MANOVA comparing 
t h e  mean sca le  cha rac te r  vec to r s  o f  t h e  1.3 age c l a s s  f o r  t h e  Ch ign ik  Lake s tock  
i n  t h e  years  1978-1982 was h i g h l y  s i g n i f i c a n t  (Table  37).  The mean sca le  growth 
i n  these years  was s i m i l a r  except  i n  1980 when t h e  mean sca le  growth was much 
l a r g e r  than  t h e  o t h e r  years  (F i gu re  29).  To t e s t  whether t h e  mean sca le  growth 
i n  1980 was respons ib l e  f o r  t h e  s i g n i f i c a n c e  o f  t h e  MANOVA, t h e  1980 data were 
removed and t h e  a n a l y s i s  repeated. Al though t h e  s i g n i f i c a n c e  o f  t h e  t e s t  was 
reduced, i t  was s t i  11 h i g h l y  s i g n i f i c a n t  (Table  37).  The cha rac te r s  r e f l e c t i n g  
t he  t o t a l  s c a l e  growth o f  t h e  l a c u s t r i n e  annu la r  zone migh t  be respons ib l e  f o r  t h e  
s i g n i f i c a n c e  of  t h e  PANOVA as t h e y  were i n  t h e  2.2-2.3 Ch ign ik  Lake s tandard com- 
par i sons .  Th i s  hypo thes is  was t e s t e d  by i n c l u d i n g  o n l y  t h e  mean d i s t a n c e  t o  each 
o f  t h e  f i r s t  f i v e  c i r c u l i  i n  t h e  annu la r  zone i n  t h e  vec to r s  be ing  compared. For  
t he  reduced sca le  cha rac te r  vec to r s ,  a  MANOVA o f  t h e  two p r e v i o u s l y  de f ined  da ta  
se ts  was repeated. The hypothes is  o f  equal  mean s c a l e  growth was aga in  r e j e c t e d  
i n  bo th  analyses (Tab le  37).  

A separate  MANOVA was performed f o r  each l a c u s t r i n e  annu la r  zone o f  t h e  2.3 Chig- 
n i k  Lake standards.  For t h e  f i r s t  a n a l y s i s  o f  each annu la r  zone, t he  mean s c a l e  
cha rac te r  vec to r s  i nc l uded  t h e  mean number o f  c i r c u l i  and mean w i d t h  o f  t h e  zone. 
A second MANOVA was performed which compared the  mean sca le  cha rac te r  vec to r s  w i t h  
these two cha rac te r s  omi t ted .  The hypo thes is  o f  i d e n t i c a l  mean sca le  growth f o r  
t h e  1978-1982 2.3 Ch ign ik  Lake standards was r e j e c t e d  i n  bo th  zones f o r  a l l  t e s t s  
(Table  38).  The mean sca le  growth i n  t h e  f i r s t  l a c u s t r i n e  annu la r  zone v a r i e d  
cons ide rab l y  f o r  t h e  years  examined ( F i g u r e  30a).  The mean s c a l e  growth i n  the  
second l a c u s t r i n e  annu la r  zone d i d  n o t  v a r y  as much except f o r  t h e  1982 growth 
which was much g r e a t e r  than  t h e  o the rs  ( F i g u r e  30b).  



Tab le  36. R e s u l t s  of  H o t e l l i n g ' s  t e s t  f o r  t h e  e q u a l i t y  o f  t h e  mean s c a l e  
g rowth  v e c t o r s  o f  t h e  f i r s t  and second l a c u s t r i n e  a n n u l a r  zones 
f o r  each s e t  of  2.2-2.3 C h i g n i k  Lake s tandards .  The r e s u l t s  o f  
Box ' s  t e s t  f o r  t h e  e q u a l i t y  o f  cova r iance  m a t r i c e s  a r e  r e p o r t e d ,  
a l s o .  (NS = n o t  s i g n i f i c a n t ,  S I G N  = s i g n i f i c a n t  a I 0.05). 

--- 
Sample Box's Hotelling's Significant 

Standard Age size test test characters 

First lacustrine annular zone 

1 9 7 8  CL 2.2 9 0 SIGN NS 
1 9 7 9  CL 2.3 7 7 

1 9 7 9  CL 2.2 1 9 4  SIGN SIGN number circuli, 
1 9 8 0  CL 2 . 3  200 width zone 

1 9 8 0  CL 2.2 1 4 0  NS SIGN number circuli 
1 9 8 1  CL 2.3 1 8 8  

1 9 8 1  CL 2.2  1 4 6  SIGN SIGN number circuli 
1 9 8 2  CL 2.3 1 9 5  

Second lacustrine annular zone 

1 2 8  NS SIGN end Is t FW AZ 
1 9 9  to C3 2nd FW AZ 

200 NS SIGN number circuli, 
200  width zone 

1 4 9  SIGN NS 
1 9 1  

CL = C h i g n i k  Lake 



Mean Annular 

1978 CL 2  

0 1979 CL 2  

A 1979 BL 2 

Growth 

. 2  --- 

. 3  - 

. 3  - 

a 
Q *  

Mean Annular Growth 

a 1979 CL 2 . 2  --- 
O 1980 CL 2 . 3  - 

0 A 1980 BL 2 . 3  - 
2 

o 1  I I I I I 1 I I I 

1.0 2.0 3.0 4.0 5.0 6.0 '7-8 8.0 9-8  

ClRCULUS NUMBER 

Figure  28. Mean sca le  growth i n  t h e  f i r s t  (1)  and second ( 2 )  l a c u s t r i n e  annu la r  
zones f o r  t h e  1979 ( a ) ,  1980 (b ) ,  1981 ( c ) ,  and 1982 ( d )  age 2.3 
B lack Lake and Chign ik  Lake standards f o r  the  p rev ious  y e a r ' s  age 
2.2 Chigni  k Lake standard (con t inued) .  



Mean Annular 

If] 1980 CL 2 

(3 1 9 8 1  C L  2 

A 1 9 8 1  BL 2 

Growth 

2 --- 

. 3  - 
- 3  - 

A 

Mean Annular 

El 1 9 8 1  CL 2. 

0 1982 C L  2. 

A 1982 BL 2. 

Growth 

2 --- 
3 - 
3 - 

CIRCULUS NUHBER 

F i g u r e  28. Mean s c a l e  growth i n  t h e  f i r s t  ( 1 )  and second ( 2 )  l a c u s t r i n e  a n n u l a r  
zones f o r  t h e  1979 ( a ) ,  1980 ( b ) ,  1981 ( c ) ,  and 1982 ( d )  age 2.3 
B l a c k  Lake and C h i g n i k  Lake s tandards and f o r  t h e  p r e v i o u s  y e a r ' s  
age 2.2 Chi g n i  k  Lake s tandard  ( c o n t i n u e d ) .  



Table 37. Results of  t he  mu1 t i v a r i a t e  ana lys i s  of variance of t h e  mean s c a l e  
growth charac ters  f o r  t h e  1 . 3  Chigni k Lake s tandards ,  1978-1982. 

Years S c a l e  
compared c h a r a c t e r s  F - s t a t i s t i c  S i g n i f i c a n c e  

1978,1979,  a l l  
1981,1982 

1978-1982 w i t h i n  a n n u l a r  2.71 
zone o n l y 2  

1978,1979,  w i t h i n  a n n u l a r  2.07 
1981,1982 zone o n l y  

Mean number c i r c u l i  f i r s t  l a c u s t r i n e  annular zone, width f i r s t  
l a c u s t r i n e  annular zone, mean d i s t ance  t o  each of t h e  f i r s t  5 c i r -  
c u l i  i n  the  annular  zone. 

2 Mean d i s t ance  t o  each of t h e  f i r s t  5 c i r c u l i  i n  t he  f i r s t  l a c u s t r i n e  
annular  zone only.  



Mean Annular Growth 

1 9 7 8  

0 1 9 7 9  

CIRCULUS NUflBER 

F i g u r e  29. Mean s c a l e  growth i n  t h e  f i r s t  l a c u s t r i n e  a n n u l a r  zone f o r  t h e  age 1.3 Ch ign ik  Lake standards,  
1978- 1982. 



Table 38. Results of the mu1 t i v a r i a t e  analysis  of variance of the mean scale  
growth characters fo r  the 2.3  Chigni k Lake standards, 1978-1982. 

- 
Years Scale 
compared characters F-statistic Significance 

First lacustrine annular zone 

1978-1982 all1 39.39 <O .001 

1978-1982 within annular 33.55 <O .001 
zone only2 

Second lacustrine annular zone 

1978-1982 all 40.25 <O .001 

1978-1982 within annular 26.60 
zone only 

Mean number c i r cu l i  in the l acus t r ine  annular zone, width of the 
lacust r ine  annular zone, mean distance to each of the f i r s t  5 c i r -  
culi  in the annular zone. 

2 Mean distance t o  each of the f i r s t  5 c i r cu l i  in the lacust r ine  annular 
zone only. 



Annular Growth 

CIRCULUS NUMBER 

F i g u r e  30. Mean s c a l e  growth i n  t h e  f i r s t  ( a )  and second ( b )  l a c u s t r i n e  
a n n u l a r  zones f o r  t h e  age 2.3 C h i g n i k  Lake s tandards,  1978-1982. 



In-season Stock Separation Simulations for 1979-1981 

In-season stock separation analyses were simulated for  each of the years 1979- 
1981. From the previous analyses, i t  was apparent that pool ing either the 1 .3 
or 2.3 standards t o  form a universal Chignik Lake standard for that  age class 
was n o t  appropriate. A satisfactory universal standard was n o t  possible because 
of the large variation in mean scale growth patterns during the years 1978-1982. 
A1 t h o u g h  the universal standard might adequately represent the actual Chigni k 
Lake standard in some years, in most years i t  would n o t .  For an actual in-season 
separation, there would be no prior knowledge whether the universal standard was 
representative of the actual Chignik Lake standard, therefore i t  was n o t  consid- 
ered to be a satisfactory solution. 

The mean scale growth of one year 's  2 . 2  Chignik Lake standard and the next year 's  
2.3 Chignik Lake standard was found to be very similar in a l l  four 2.2-2.3 com- 
parisons. Within each lacustrine annular zone, the mean distance to each of the 
f i r s t  f ive circul i  in the zone was not significantly different except for one 
2.2-2.3 comparison. The mean scale growth within the f i r s t  f ive  circuli  of each 
lacustrine annular zone was similar;  therefore, the previous year ' s  2 . 2  Chignik 
Lake standard was selected to represent the 2.3 standard for in-season linear 
discriminant function analysis of the 2.3 age class. 

Only those scale characters which were within the zone of similar lacustrine 
growth were screened for the in-season analyses. Characters reflecting the total  
growth of a lacustrine annular zone were omitted. No significant differences 
were detected in the 2.2-2.3 standard comparisons for  the scale characters 
screened for the in-season analyses (Appendix Table 8 ) .  The scale characters 
for each in-season 2.3 LDF analysis were selected from this  subset by the step- 
wise F procedure described for  the post-season analyses. 

The post-season procedure to estimate the number of each stock present in the 
catch or escapement on a particular day was applied t o  the daily escapements 
for  the in-season analyses. Unlike the post-season procedure, which always had 
age-specific stock composition estimates for  the 1.3 and 2.3 age classes and in 
1979 and 1980 the 2 . 2  age class ,  the in-season analysis had estimates only for 
the 2.3 age class.  The stock composition estimates for  the 2.3 age class were 
applied t o  a l l  age classes present. Only the number of each stock present in the 
daily escapement i s  required for the in-season analysis because management deci- 
sions for  the commercial fishery are  based upon the cumulative escapement to ta l s  
for  each stock. The age composition of each stock i s  n o t  required for in-season 
purposes. 

The l inear  discriminant function for estimating the stock composition in the 1979 
in-season simulation was established with the 1979 2.3 Black Lake standard and 
the 1978 2 . 2  Chignik Lake standard. The in-season L D F  for the 2.3 age class 
separated the stocks with 90.5% accuracy (Table 39) which was only 3% less than 
the accuracy of the post-season LDF for  that  age class.  Table 40 summarizes the 
scale characters selected fo r  the in-season LDF.  

All age 2.3 samples of unknown stock composition which were collected in Chignik 
Lagoon in 1979 were classif ied with the in-season LDF and the adjusted and smoothed 



Table  39. C l a s s i f i c a t i o n  mat r ix  f o r  age  2 .3  sockeye salmon i n  the  1979 i n -  
season s i m u l a t i o n .  

- 
Age 2.3 

C l a s s i f i e d  s t o c k  
of o r i g i n  

A c t u a l  s t o c k  of o r i g i n  
Black Lake Chignik Lake 

Black Lake 
Ch ign ik  Lake 

Sample s i z e  2  00 129 ................................................................ 
Mean c l a s s i f i c a t i o n  = 0.905 



Tab1 e  40. Scale charac te rs  se l ec ted  f o r  t h e  f i n a l  d i s c r i m i n a n t  f u n c t i o n  used 
t o  c l a s s i f y  t he  2.3 age c l ass  i n  t he  1979 in-season s imu la t i on .  
( C  = c i r c u l u s ,  FW = f reshwater,  AZ = annu la r  zone)'.  

- 
1979 2.3 1978 2.2 

Scale characters Black Lake Chignik Lake 
selected Z s R s 

1. distance focus to C1, 1st FW AZ 57.9 6.0 46.9 5.3 
2. distance C 2  to C3, 1st FW AZ 22.9 4.6 16.6 3.6 
3. distance C2 to C4, 2nd FW AZ 44 .O 7.8 38.0 6.7 
4. distance C 3  to C4, 1st FW AZ 18.8 3.9 14.2 3.5 
5. relative size, distance C3 to C4 0.12 0.02 0.13 0.03 

1st FW AZ 

Sample size 200 129 

Equality of covariance matrices, significant a 5 0.01  

A l l  1  i n e a r  d is tances  repo r t ed  i n  0.01 ' s  o f  inches a t  210X. 



s tock  composi t i  on es t imates  c a l c u l a t e d  (Tab le  41 ) . The smoothed s tock  composi- 
t i o n  est imates f o r  t h e  in-season a n a l y s i s  were ve r y  s i m i l a r  t o  those f o r  t he  
post-season a n a l y s i s  (F i gu re  31 ) .  When t he  in-season est imates were appl  i e d  
t o  t h e  escapement, t he  t o t a l  B lack Lake escapement through 25 J u l y  was est imated 
as 381,405 f i s h .  For comparison, the  post-season es t imate  o f  t h e  B lack  Lake 
escapement was 385,694. The cumulat ive B lack Lake and Chign ik  Lake escapements 
es t imated  by t h e  in-season and post-season analyses a re  compared i n  F i gu re  32. 

The major  premise of  t h e  in-season analyses i s  t h a t ,  f o r  t he  sca le  charac te rs  
examined, one y e a r ' s  2.2 Ch ign ik  Lake s tandard p rov ides  an adequate r e p r e s e n t a t i o n  
of t h e  n e x t  y e a r ' s  2.3 Chign ik  Lake standard.  Th is  premise can be eva luated by 
c l a s s i f y i n g  t h e  ac tua l  2.3 Ch ign ik  Lake s tandard w i t h  t h e  in-season LDF. The 
percentage c o r r e c t l y  c l a s s i f i e d  as be long ing  t o  t h e  Ch ign ik  Lake s tock  w i l l  i n d i -  
c a t e  how we1 1 t h e  in-season Ch ign ik  Lake s tandard represen ts  t h e  ac tua l  s tandard 
f o r  t h a t  year .  For  the  1979 in-season s imu la t i on ,  t h e  1979 2.3 Chign i  k  Lake 
s tandard was c l a s s i f i e d  w i t h  t h e  in-season LDF. The ad jus ted  percentage of  t h e  
s tandard c l a s s i f i e d  as Ch ign ik  Lake s tock was 100.0%. 

The standards f o r  t he  1980 in-season LDF were t he  1980 2.3 B lack Lake s tandard 
and t h e  1979 2.2 Ch ign ik  Lake s tandard.  The nean c l a s s i f i c a t i o n  accuracy o f  
t he  in-season LDF f o r  t h e  2.3 age c l a s s  was 88.4% (Table  42).  Th i s  was b e t t e r  
than  t h e  c l a s s i f i c a t i o n  accuracy f o r  t h e  2.3 age c l a s s  i n  t h e  post-season a n a l y s i s  
(83.8%).  The s i x  sca le  charac te rs  se l ec ted  f o r  t h e  in-season a n a l y s i s  a re  summar- 
i z e d  i n  Table 43. 

The smoothed in-season s tock  composi t ion es t imates  o f  t he  p r o p o r t i o n  o f  t h e  
Ch ign ik  Lake s tock  p resen t  i n  t h e  2.3 age c l a s s  (Tab le  44) were c o n s i s t e n t l y  
l e s s  than t h e  post-season es t imates  by about  20% ( F i g u r e  33). When the  1980 
2.3 Ch ign ik  Lake s tandard was c l a s s i f i e d  by t h e  in-season LDF o n l y  69.0% of t he  
sample was c o r r e c t l y  ass igned t o  t h e  Ch ign ik  Lake s tock .  The l a r g e  d iscrepancy 
between t h e  in-season and post-season s tock  composi t ion es t imates  caused a s i g -  
n i f i c a n t  d i f f e r e n c e  i n  t h e  cumu la t i ve  escapement es t imates  f o r  each s tock  (F i gu re  
34).  The in-season es t imate  o f  the t o t a l  B lack  Lake escapement was 463,450 w h i l e  
t he  post-season a n a l y s i s  a l l o c a t e d  o n l y  311,332 f i s h  t o  t he  escapement. 

The 1981 in-season LDF was cons t ruc ted  w i t h  t h e  1980 2.2 Ch ign ik  Lake s tandard 
and t h e  1981 2.3 B lack Lake standard.  The mean c l a s s i f i c a t i o n  accuracy o f  t h e  
in-season LDF was o n l y  66.5% (Table  45).  For  t he  post-season a n a l y s i s  o f  the  
2.3 age c l a s s  t h e  mean c l a s s i f i c a t i o n  accuracy was 79.6%. Table  46 summarizes 
t h e  s c a l e  charac te rs  se l ec ted  f o r  t h e  in-season a n a l y s i s .  When t h e  1981 2.3 
Chign i  k  Lake s tandard was c l a s s i f i e d  w i t h  t h e  in-season LDF, 83.5% o f  t h e  sample 
was c o r r e c t l y  ass igned t o  t h e  Ch ign ik  Lake s tock .  Th is  i n d i c a t e s  t h a t  t h e  
in-season Ch ign ik  Lake s tandard was a good r e p r e s e n t a t i o n  of t h e  a c t u a l  s tandard.  

The smoothed s tock  composi t ion es t imates  f o r  t he  2.3 i n-season a n a l y s i s  (Tab le  
47) a r e  compared t o  t h e  post-season es t imates  i n  F i g u r e  35. A t o t a l  o f  448,857 
f i s h  were ass igned t o  t h e  B lack  Lake escapement by t h e  in-season s imu la t i on .  
The post-season es t ima te  o f  t h e  t o t a l    lack Lake escapement was 438,540 ( F i g u r e  
36).  



Tab le  41. Stock  c o m p o s i t i o n  e s t i m a t e s  f o r  t h e  s c a l e  p a t t e r n  a n a l y s i s  o f  t h e  
2.3 age c l a s s  i n  t h e  1979 in -season s i m u l a t i o n .  

Sample N Stock Adjusted Estimated Smoothed Estimated 
Date Est imate  Variance Estimate Variance 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 



Figure 31. Comparison of t h e  s tock composition es t imates  f o r  t h e  2.3 age c l a s s  
by the  post-season (-) and in-season ( - - - )  analyses of the 1979 
Chigni k sockeye salmon run. 



Figure 32. Comparison of the cumulative Black Lake and Chignik Lake escapement 
estimates by the post-season (-) and in-season ( - - - )  analyses of 
the 1979 Chignik sockeye salmon r u n .  



Table 42. C las s i f i ca t ion  matrix f o r  age 2 . 3  sockeye salmon i n  t h e  1980 in-season 
simulat ion.  

Age 2.3 

C l a s s i f i e d  s t o c k  
of o r i g i n  

- A c t u a l  s t o c k  of o r i g i n  
Black Lake Chignik Lake 

Black Lake 
Chignik  Lake 

Sample s i z e  200 194 

Mean c l a s s i f i c a t i o n  = 0.884 



Tab1 e 43. Scale characters selected for the final discriminant function used 
to classify the 2.3 age class in the 1980 in-season simulation. 
( C  = circulus, FW = freshwater, AZ = annular zone)'. 

1980 2.3 1979 2.2- 
Scale characters Black Lake Chignik Lake - - selected x s x s 

1. relative size, distance C3 to C4 0.10 0.02 0.13 0.02 
1st FW AZ 

2. distance C3 to C4, 1st FW AZ 18.1 4.1 18.1 3.6 
3. distance focus to C5, 1st FW AZ 126.1 13.9 129.4 11.8 
4. relative size, distance 1st C before 0.09 0.02 0.09 0.02 

end of 1st FW AZ to end of zone 
5. distance C1 to C5, 1st FW AZ 74.7 11.0 76.3 10.2 
6. distance C2 to C3, 1st FW AZ 18.9 4.1 20.2 3.9 

Sample size 200 194 

Equality of covariance matrices, significant a 5 0.01 

A1 1 l inear distances reported in 0.01 ' s  of inches a t  210X. 



Table 44. Stock composition estimates for the scale pattern analysis of the 
2.3 age class in the 1980 in-season simulation. 

-- 
Sample N Stock Ad ju s t ed  Est imated Smoothed Est imated 
Date Es t ima te  Var iance  Est imate  Var iance  

6 /  6 23 Black Lake .925 .01352 ,967 .00223 
Chignik Lake .075 .01352 .033 .00223 

61  8 45 Black Lake .977 .00659 .967 .00289 
Chignik Lake .023 .00659 .033 .00289 

6 / 1 1  43 Black Lake 1.027 .00594 .992 .00203 
Chignik Lake -.027 .00594 .008 .00203 

6 / 1 3  50 Black Lake 1 .OOO .00570 1 .OOO .00180 
Chignik Lake 0.000 .00570 0 .OOO .00180 

6 / 1 7  44 Black Lake 1.090 .00454 1 .OOO .00174 
Chignik Lake -.090 .00454 0.000 .00174 

6 / 2 3  49 Black Lake 1.022 .00543 .920 .00188 
Chignik Lake -.022 .00543 .080 .00188 

7 /  1 61 Black Lake .760 .00697 .764 .00207 
Chignik Lake .240 .00697 .236 .00207 

7 /  5 73 Black Lake .531 .00625 .625 .00199 
Chignik Lake .469 .00625 .375 .00199 

7 / 1 0  100 Black Lake .583 .00472 .574 .00174 
Chignik Lake .417 .00472 .426 .00174 

7 / 1 1  100 Black Lake .609 .00472 .531 .00154 
Chignik Lake .391 .00472 .4.69 .00154 

7 / 1 3  100 Black Lake ,401 .00439 .449 .00147 
Chignik Lake .599 .00439 .551 .00147 

7 / 1 5  100 Black Lake .336 .00413 .358 .00141 
Chignik  Lake .664 .00413 .642 .00141 

7 / 1 7  100 B l a c k L a k e  .336 .00413 .293 .00130 
Chignik  Lake .664 .00413 .707 .00130 

7 / 1 9  100 Black Lake .206 .00342 .319 .00133 
Chignik Lake .794 ,00342 ,681 .00133 

7 / 2 1  100 Black Lake .414 .00443 .349 .00137 
Chignik Lake .586 .00443 .651 .00137 

7 / 2 3  100 Black Lake .427 .00447 .280 .00099 
Chignik  Lake .573 .00447 .720 .00099 
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Figure 33. Comparison of the stock composition estimates for the 2.3 age class 
by the post-season (-) and in-season ( - - - )  analyses of the 1980 
Chignik sockeye salmon run. 





Table 45. C l a s s i f i c a t i o n  m a t r i x  for  age 2.3 sockeye salmon i n  t h e  1981 in-season 
s i m u l a t i o n .  

- 
Age 2 . 3  

Classified stock 
of origin 

Actual stock of origin 
Black Lake Chignik Lake 

Black Lake 
Chignik Lake 

Sample size 140 15 1 

Mean classification = 0.665 



'able 46. Scale charac te rs  se l ec ted  f o r  t h e  f i n a l  d i s c r i m i n a n t  f u n c t i o n  used 
t o  c l a s s i f y  t h e  2.3 age c l a s s  i n  t h e  1981 in-season s imu la t i on .  

( C  = c i r c u l u s ,  FW = f reshwater,  AZ = annu la r  zone)'.  

- 
1981 2.3 19 80 2 .-2- 

Scale characters Black Lake Chignik Lake 
z - 

selected s x s 

1. distance end of 1st FW AZ to C 1  17.3 4.0 19.1 3.8 
2nd FW AZ 

2. distance focus to C1,  1st FW AZ 57.7 7.4 54.9 5.1 
3. 1st C widest pair in 1st FW AZ 1.8 1.1 1.4 0.6 

Sample size 140 151 

Equality of covariance matrices, significant a 5 0.01 

All  l i n e a r  d is tances  repo r t ed  i n  0 .01 's  o f  inches a t  210X. 



Tab le  47. Stock compos i t i on  e s t i m a t e s  f o r  t h e  s c a l e  p a t t e r n  a n a l y s i s  o f  t h e  2.3 
age c l a s s  i n  t h e  1981 in -season s i m u l a t i o n .  

Sample N Stock Adjusted Estimated 
Date Es t imate  Variance 

Smoothed Estimated 
Es t imate  Variance 

- 
6/ 3 18 Black Lake .991 .I3734 

Chignik Lake .009 .I3734 

6 /  8 26 Black Lake ,653 .09701 
Chignik Lake .347 .09701 

6/11 35 Black Lake .350 .07054 
Chignik Lake ,650 .07054 

6 /15  35 Black Lake ,610 .07365 
Chignik Lake 390 .07365 

6/17 43 Black Lake .760 .06319 
Chignik Lake .240 .06319 

6/19 51 B l a c k L a k e  .207 .04989 
Chignik Lake .793 .04989 

6/22 50 Black Lake .410 .05198 
Chignik Lake .590 .05198 

6 /24  77 Black Lake .871 .04145 
Chignik Lake .I29 .04145 

6/28 100 Black Lake -.046 .03187 
Chignik Lake 1.046 .03 187 

7 1  1 100 Black Lake .471 .02972 
Chignik Lake .529 .02972 

7 /  3 100 Black Lake .015 .03112 
Chignik Lake .985 .03112 

7/ 6 100 Black Lake .046 .03079 
Chignik Lake .954 .03079 

7 /  9 100 Black Lake .258 .02944 
Chignik Lake .742 .02944 

7 112 100 Black Lake .228 .02953 
Chignik Lake .772 .02953 

7 /21  100 Black Lake .258 .02944 
Chignik Lake .7 42 .02944 



F i g u r e  35. Comparison of t h e  s t o c k  compos i t i on  es t ima tes  f o r  t h e  2.3 age c l a s s  
by t h e  post-season (-1 and in-season ( - - - )  ana lyses o f  t h e  1981 
Ch ign ik  sockeye salmon run .  
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F igu re  36. Comparison o f  t h e  cumulat ive Black Lake and Chign ik  Lake escapement 
es t imates  by t h e  post-season (-) and in-season ( - - - )  analyses o f  
t h e  1981 Chign ik  sockeye salmon run. 



1982 In-season Stock Separation 

I n  1982, an in-season stock separation analysis was conducted a t  Chignik during 
the main portion of the sockeye salmon run in June a n d  July. A digit izing sys- 
tem and microcomputer a t  the FRI f ie ld  station a t  the out let  of Chignik Lake 
were used t o  perform the in-season analysis. I t  was important t o  process the 
scale samples of unknown stock composition collected in Chignik Lagoon as quickly 
as possible for  the in-season analysis. Usually the samples were aged, measured, 
and analyzed within twenty-four hours of collection. The stock composition es t i  - 
mates were then applied to the daily escapements and the cumulative escapement 
of each stock estimated. 

The linear discriminant function for  the 1982 in-season analysis was established 
with scale samples collected a t  the out le t  of Black Lake during the season and 
the 1981 age 2 . 2  Chignik Lake standard. The in-season LDF for  the 2.3 age class 
separated the stocks with 77.7% accuracy (Table 48). For the post-season analysis 
of the 2.3 age class ,  the classification accuracy was 82.6%. The scale characters 
selected for  the 1982 in-season LDF are  summarized in Table 49. 

The smoothed in-season stock composition estimates of the proportion of the 
Chignik Lake stock present in the 2.3 age class (Table 50) were very similar t o  
the smoothed post-season estimates (Figure 37). A total  of 620,382 f ish were 
allocated t o  the Black Lake escapement by the in-season analysis. The post- 
season estimate for  the total  Black Lake escapement was 616,117. The cumulative 
return of each stock estimated by the post-season and in-season analyses are com- 
pared in Figure 38. 

When the 1982 age 2.3 Chignik Lake standard was classified with the in-season 
LDF,  the adjusted estimate of the percentage of the Chignik Lake stock present 
was 85.0%. This indicates that  the in-season standard was a good representation 
of the actual Chignik Lake standard. 

DISCUSSION 

The principal objective of th is  report was to determine whether the two sockeye 
salmon stocks of the Chignik lakes could be accurately identified by the i r  scale 
patterns. The contribution of each stock to the Chignik runs in the years 1978- 
1982 was estimated by linear discriminant function analysis of the lacustrine 
scale patterns of the dominant age classes in each run. A1 though the performance 
of th is  stock separation technique varied by age class and year, a l l  c lassif ica-  
tion accuracies of the discriminant functions were considerably better than random 
a1 location (50.0%). Mean accuracies for  the major age classes were: 85.4% for  
the 2 .2  age class;  74.9% for the 1.3 age class;  and 85.8% for  the 2.3 age class 
(Table 51). The accuracies of the post-season analyses demonstrated tha t  signi- 
ficant differences in the lacustrine scale patterns of the Black Lake and Chignik 
Lake stocks were present annually. Therefore, the scale pattern analysis method 
of separating the Chignik sockeye salmon run by stock i s  an alternative to the 
current method of separating the stocks by the average TOE curve. I n  the follow- 
ing sections the two methods of separating the Chignik sockeye salmon stocks are 
compared. 



Table 48. C l a s s i f i c a t i o n  m a t r i x  f o r  age 2.3 sockeye salmon i n  t h e  1982 i n -  
season s t o c k  s e p a r a t i o n  a n a l y s i s .  

Age 2.3 

Classified stock 
of origin 

Actual stock of origin 
Black Lake Chignik Lake 

Black Lake 
Chignik Lake 

Sample size 102 159 

Mean classification = 0.777 



Table 49. Scale characters selected f o r  the f ina l  discriminant function used 
to  c lass i fy  the 2 .3  age c lass  in the  1982 in-season stock separation 
analysis .  ( C  = ci rculus ,  FW = freshwater, A Z  = annular  zone)'. 

1982 2.3 1981 2.2 
Scale characters Black Lake Chignik Lake 
selected 

- - 
X s X S 

1. distance C2 to C4, 2nd FW AZ 37.7 8.7 47.5 7.2 
2. distance end of 1st FW AZ to C1 18.6 3.9 20.4 3.9 

2nd FW AZ 
3. relative size, distance C3 to C4 0.12 0.02 0.13 0.02 

1st FW AZ 

Sample size 102 159 

Equality of variance matrices, significant u 5 0.01 

All distances reported in 0.01's of inches a t  210X. 



Table 50. Stock composition estimates f o r  the scale  pattern analysis  of the 
2.3 age c lass  in the 1982 in-season stock separation. 

Sample N Stock Adjusted Estimated Smoothed Estimated 
Date Estimate Variance Estimate Variance 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 



F igu re  37. Comparison of t h e  s tock  composi t ion es t imates  f o r  t h e  2.3 age c l a s s  
by t h e  post-season (-) and in-season ( - - - )  ana lyses o f  t h e  1982 
Ch ign ik  sockeye salmon run .  
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Figure 38. Comparison of the cumulative Black Lake and Chignik Lake escapement 
estimates by the post-season (-) and in-season ( - - - )  analyses of 
the 1982 Chignik sockeye salmon run. 



Table 51. C lass i f i ca t ion  accuracies of the  1 inear  discriminant  functions f o r  
the 1978-1 982 post-season analyses.  

-- 
Year Stock Age Sample C l a s s i f i c a t i o n  Accuracy 

S i z e  2.2 1.3 2.3 

1978 Black Lake 2.2 5 5 92.35 
Chignik Lake 2.2 129 
Black Lake 1.3 200 76.45 
Chignik Lake 1.3 2 8 
Black Lake 2.3 200 89.75 
Chignik Lake 2.3 200 

1979 Black Lake 2.2 9 9 
Chignik Lake 2.2 200 
Black Lake 1.3 200 
Chignik Lake 1.3 3 5 
Black Lake 2.3 200 
Chignik Lake 2.3 200 

1980 Black Lake 2.2 3 6 
Chignik Lake 2.2 15 1 
Black Lake 1.3 200 
Chignik Lake 1.3 25 
Black Lake 2.3 200 
Chignik Lake 2.3 2 00 

1981 Black Lake 1.3 200 
Chignik Lake 1.3 126 
Black Lake 2.3 140 
Chignik Lake 2.3 200 

1982 Black Lake 1.3 200 
Chignik Lake 1.3 6 7 
Black Lake 2.3 103 
Chignik Lake 2.3 2 00 

Mean C l a s s i f i c a t i o n  Accuracy 85.35 74.89 85.83 



Possible Standards for Evaluating the Accuracy of Each Method of Separating the 
Chignik Sockeye Salmon Stocks 

Ideally, the two techniques for estimating the contribution of the Black Lake a n d  
Chignik Lake stocks to the sockeye salmon catch and escanement should be evaluated 
by comparing the estimates to  actual observations for each stock. The escapement 
to  the spawning grounds of each lake could provide a standard t o  evaluate the two 
methods i f  the total number of salmon on each stock's spawning grounds and an 
average age composition for the ent i re  stock could be accurately determined by 
spawning ground surveys. Unfortunately this  i s  not possible. Presently, escape- 
ments are counted by aerial  surveys a t  the peak of spawning to estimate the Black 
River contribution to the early run. While they do provide an approximate index 
of abundance, the aer ial  surveys are not precise enough t o  evaluate a stock sep- 
aration method (Nicholson e t  a l .  1981). 

The Alaska Department of Fish and Game conducts annual foot surveys of the prin- 
cipal Black Lake and Chigni k Lake spawning grounds. During these surveys otoli  ths 
are collected to provide additional age composition information. If the age com- 
position determined for a stock's spawning grounds by the otoli ths was representa- 
t ive of the age composition of the ent i re  stock, i t  could provide a standard for  
evaluation. Clutter and Whi tesel (1956) discussed some of the general problems 
with estimating age composition by spawning ground surveys. Different recovery 
rates of spawned carcasses between sexes, and for  length and age groups within 
sexes, can result  in biased age composition estimates usually characterized by 
under-representation of the smaller 2-ocean and 1-ocean f ish.  If the age composi- 
tion for  the different  spawning areas of a stock i s  n o t  homogeneous, the extra- 
polation of the spawning ground age compositions to  the ent i re  stock i s  further 
complicated. This i s  n o t  a problem for the Black Lake escapement which usually 
has similar age compositions for  i t s  different  spawning areas. Sockeye from Chigni k 
Lake spawning areas, however, often exhibit pronounced differences in age composition 
(Burgner and Marshall 1974). Also, one of the major Chigni k Lake spawning areas, 
near the beach i s  never surveyed because i t  i s  d i f f i cu l t  to obtain samples there. 

An evaluation of the two stock separation techniques by a comparison of the age 
composition to the age compositions observed on the spawning grounds i s  not 
appropriate because of the possible biases of the spawning ground surveys. The 
discrepancy in lacustrine age interpretation between scales and otol i ths  i s  an 
additional problem. Burgner and Marshall (1974) found that  for Black Lake, more 
otol i ths  were interpreted as having two lacustrine annuli than scales,  while the 
reverse was true for  Chignik Lake. 

Another possible standard for evaluating the stock separation techniques might be 
provided by the scale samples collected a t  the out le t  of Black Lake. Marshall 
and  Burgner (1  975) proposed t h a t  t h e  age composition estimated from these samples 
be applied t o  the estimated Black Lake escapement. These samples might provide 
an age composition for  the Black Lake escapement to compare with the age composi- 
tion estimated by the stock separation techniques. I t  i s  questionable whether or 
not these samples are representative of the Black Lake escapement. I t  has not 
been determined i f  the sockeye salmon in th i s  area are  suff ic ient ly  mixed to 
present a random sample or  i f  they assort  themselves by time of arrival a t  the 
out let .  Aerial observations of Black Lake out let  and the r iver  below i t  revealed 
that large schools of salmon are distributed throughout th i s  area and they do not 



appear to  mix (L. Nicholson, personal communication). If the schools are segre- 
gated by time of arrival a t  the outlet  and i f  there are  differences in the a r r i -  
val time of the different age classes, as i s  indicated by the scale pattern 
analyses, then the Black Lake out let  samples are probably not representative 
of  the ent i re  Black Lake escapement. Therefore, there were no standards avail- 
able which were precise enough to evaluate the stock separation techniques. 
Hence the techniques were evaluated by comparing the relative merits of each 
method rather than by determining which was more accurate. 

Comparison of the Results of Separating the Chignik Sockeye Salmon Runs by Stock 
with Scale Pattern Analysis and the Average TOE Curve 

The scale pattern analysis (SPA) method separates the total return by stock, b u t  
the average TOE curve separates i t  by early and l a t e  run. The early run consists 
primarily of the Black Lake stock plus the early Black River run, and the la te  
run i s  primarily the Chignik Lake stock without the early Black River run. 
Although this  i s  not a s t r i c t  division by stock, as defined for th i s  report, i t  
will be considered as such because: ( 1 )  ADF&G no longer removes the Black River 
component of the early run for i t s  annual run summary s t a t i s t i c s ;  and ( 2 )  the 
early and l a t e  run division i s  used by ADF&G to  estimate return-per-spawner rela- 
tionships and for forecasting. A comparison of the total  return by age class for  
the Black Lake and Chignik Lake stocks estimated by the SPA and TOE methods i s  
given for  each stock in Tables 52 and 53 for the Chignik sockeye salmon runs in 
1978-1981 (TOE estimates were n o t  available for  1982). 

Substantial differences were apparent in the estimated age composition and in the 
estimated total  return for  each stock by the SPA and TOE methods. Table 54 sum- 
marizes the differences between the age composition percentages estimated by the 
SPA and TOE methods for  the major age classes. Except in 1978, when the agree- 
ment between the estimates was good, there were large differences (greater than 
18%) in the age composition estimates for  a t  leas t  one major age class in the 
three other years. 

The difference between the SPA and the TOE estimates for the total  return of the 
Black Lake stock a re  given in Table 54, a1 so. For the years 1978-1981, the dif-  
ference between the two estimates, expressed as a percentage of the total  run for  
a year, varied from -4.4% t o  10.1%. These differences may not appear t o  be 
extreme since three of t h e m  are  less  than 5%. When the Black River component of 
the early run i s  considered the differences between the SPA and TOE estimates 
become much greater. The percentage contribution of the Black River component 
t o  the early run was estimated by aer ial  surveys. The TOE estimates of the total  
early run were corrected to  account for  the Black River component to  provide an 
estimate of the total  Black Lake stock. The total  difference between the e s t i -  
mates then increased i n  a l l  years except 1981. The difference between the SPA 
and TOE estimates of the to ta l  return of the Black Lake stock then exceeded 5% 
in three of the four years. 

Large differences between the total  return and/or the age composition of each 
stock as estimated by the SPA and TOE methods were apparent in each of the years 
1978-1981. The problem with separating the stocks by the average TOE curve have 
been presented previously (see Introduction). The following sections present the 
advantages of both methods and discuss some possible sources or error  for  the SPA 
met hod. 



Table 52. Total re turn  by age c lass  f o r  the Black Lake stock,  1978-1981, estimated by the scale  pattern 
analys is  method (SPA) and the average TOE curve   TOE)^ 2 .  

Age ....................................................................................... 
Year 1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 O t h e r  Total  

SPA 1978 0 333 50,713 121,029 4,588 752,716 587,019 6,752 3,190 264 0 1,526,604 

% 0.00 0.02 3.32 7.93 0.30 49.31 38.45 0.44 0.21 0.02 0.00 100.00 
TOE 1978 200 200 10,738 108,513 2,350 656,997 486,119 3,529 4,923 0 0 1,273,569 

X 0.02 0.02 0.84 8.52 0.18 51.59 38.17 0.28 0.38 0.00 0.00 100.00 

SPA 1979 506 1,777 19,444 114,405 1,387 120,290 315,871 2,496 0 809 0 576,985 

X 0.09 0.31 3.37 19.83 0.24 20.85 54.74 0.43 0.00 0.14 0.00 100.00 
TOE 1979 163 1,019 29,905 98,599 0 207,266 293,139 0 0 0 0 630,091 

X 0.03 0.16 4.75 15.65 0.00 32.89 46.52 0.00 0.00 0.00 0.00 100.00 

SPA 1980 99 85 42,633 53,609 533 69,370 295,048 1,752 112 494 2,357 466,092 

X 0.02 0.02 9.15 11.50 0.11 14.88 63.30 0.38 0.02 0.11 0.51 100 .OO 

TOE 1980 0 0 29,787 27,499 0 178,363 165,987 50 50 231 0 401,967 

% 0.00 0.00 7.41 6.84 0.00 44.37 41.30 0.01 0.01 0.06 0.00 100.00 

SPA 1981 223 370 56,257 23,572 1,004 636,001 424,922 2,591 960 429 11,190 1,157,519 
% 0.02 0.03 4.86 2.04 0.09 54.94 36.71 0.22 0.08 0.04 0.97 100.00 

TOE 1981 0 0 87,839 23,750 0 945,363 231,133 0 0 0 0 1,288,085 
X 0.00 0.00 6.82 1.84 0.00 73.39 17.95 0.00 0.00 0.00 0.00 100.00 

-- -- 

I The TOE method includes the ear ly  ar r iv ing portion of the Black River run. 

Source: Nicholson e t  a1 . 1981. 



Table 53. Total r e t u r n  by age c l a s s  f o r  the Chignik Lake s tock ,  1978-1981, estimated by the  s c a l e  pa t te rn  
ana lys i s  method (SPA)  and the  average TOE curve ( T O E )  2 .  

Year 1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Ocller T o t a l  

SPA 1978 0 2,653 18,509 166,073 29,542 54,455 689,613 13,329 94 2,728 0 976,996 
% 0.00 0.27 1.90 17.00 3.02 5.57 70.59 1.36 0.01 0.28 0.00 100.00 

TOE 1978 497 2,552 5,973 158,782 76,657 79,577 838,540 39,097 2,505 0 690 1,204,870 
% 0.04 0.21 0.50 13.18 6.36 6.60 69.60 3.24 0.21 0.00 0.06 100.00 

SPA 1979 1,070 6,911 23,811 191,055 3,736 102,319 892,112 3,587 0 259 0 1,224,860 
% 0.09 0.57 1.94 15.60 0.31 8.35 72.83 0.29 0.00 0.02 0.00 100.00 

TOE 1979 1,878 1,236 69,413 150,051 0 336,091 588,080 0 0 0 0 1,146,749 
% 0.16 0.11 6.05 13.09 0.00 29.31 51.28 0.00 0.00 0.00 0.00 100.00 

SPA 1980 252 807 59,291 185,502 2,037 123,709 678,022 4,759 51 1,249 2,705 1,058,384 
% 0.02 0.08 5.60 17.53 0.19 11.69 64.06 0.45 ~3 0.12 0.26 100.00 

TOE 1980 0 0 38,301 211,814 0 135,481 736,942 0 0 352 U 1,122,890 
% 0.00 0.00 3.41 18.86 0.00 12.07 65.63 0.00 0.00 0.03 0.00 100.00 

SPA 1981 416 3,918 52,041 92,999 3,522 764,753 847,360 9,130 901 2,283 7,500 1,784,823 
% 0.02 0.22 2.91 5.21 0.20 42.85 47.48 0.51 0.05 0.13 0.42 100.00 

TOE 1981 0 0 38,090 90,027 0 549,243 985,926 0 0 0 1,663,286 
% 0.00 0.00 2.29 5.41 0.00 33.02 59.28 0.00 0.00 0.00 0.00 100.00 

The TOE method does not include t h e  e a r l y  a r r i v i n g  port ion of t he  Black River r u n .  

Source: Nicholson, e t  a1 . 1981. 

Trace < 0.005%. 



Table 54. Differences between the scale pattern analysis method and the average TOE1 method for the estimates 
o f  the percentage of the major age classes in the total  Black Lake return. 

-- - -- - - -- --- -- -- -- - --- - -- - - - - -- - - - -- - - -- - - - -- - - -- -- - 
% Difference by age Difference for 

........................... total Black Lake % of total Black River % Total % 
Year Stock 1 . 2  2 . 2  1.3 2.3 return return of early run difference 

I Source: Nicholson e t  a l .  1981. 

2 SPA method - TOE method. 



Advantages of t h e  Scale P a t t e r n  Ana l ys i s  Method o f  Separat ing the  Ch ign ik  
Sockeye Salmon Stocks 

The advantages of  t h e  sca le  p a t t e r n  a n a l y s i s  method o f  separa t ing  the Ch ign ik  
sockeye salmon s tocks a re :  

1. Est imates a re  y e a r - s p e c i f i c  and a r e  based on i n f o r m a t i o n  c o l l e c t e d  
i n  t he  year  o f  ana l ys i s .  The average TOE curve was developed f rom 
observa t ions  made from 1962 t o  1969 and i t  has n o t  been eva lua ted  
s i nce  t h a t  t ime. The average TOE curve i s  n o t  y e a r - s p e c i f i c  b u t  
def ines an average p a t t e r n  o f  e n t r y  f o r  t he  Ch ign ik  sockeye salmon 
s tocks.  I t  i s  n o t  s e n s i t i v e  t o  annual changes i n  t h e  e n t r y  p a t t e r n  
and does n o t  recogn ize  e n t r y  p a t t e r n s  d i f f e r e n t  f rom the  i d e a l .  

2. The SPA method es t imates  t h e  s tock  composi t ion o f  t h e  r u n  from samples 
c o l l e c t e d  d u r i n g  June and J u l y  and uses a l 1 , t h e s e  samples t o  de f ine  
t h e  e n t r y  p a t t e r n s  of t h e  ma jo r  age c lasses  i n  t h e  run .  The d e c i s i o n  
on t h e  placement o f  t h e  average TOE curve i s  n o t  made f rom i n fo rma t i on  
c o l l e c t e d  d u r i n g  t h e  r u n  b u t  depends on t h e  management b i o l o g i s t ' s  pe r -  
c e p t i o n  o f  t h e  run. There i s  no i n f o rma t i on  suppo r t i ng  h i s  dec i s i on .  

3. For  any day d u r i n g  t h e  p e r i o d  o f  t r a n s i t i o n ,  t he  SPA method u s u a l l y  
es t imates  t h e  s tock  compositon o f  each o f  t h e  ma jo r  age c lasses  pre-  
sent .  I t  recognizes d i f fe rences  i n  age composi t ion between t h e  s tocks  
and d i f f e r e n c e s  i n  t he  t ime -o f -en t r y  o f  t h e  age c lasses  w i t h i n  a  
s tock  because i t  i s  age -spec i f i c .  The average TOE method a p p l i e s  
t h e  same age composi t ion es t imates  t o  bo th  s tocks  which obscures 
t h e i r  d i f f e r e n c e  i n  age composi t ion.  A1 so, i t  a p p l i e s  one p a t t e r n  
o f  e n t r y  t o  a l l  age c lasses .  

4. The SPA method separates t h e  r u n  b y  nursery  l a k e  s tock,  n o t  b y  e a r l y  
and l a t e  run .  The sepa ra t i on  by  s tock i s  a  much b e t t e r  procedure 
f o r  management because t h e  optimum escapement es t imates  a re  f o r  each 
nu rse ry  l ake ,  n o t  f o r  t h e  e a r l y  and l a t e  runs .  Run s t a t i s t i c s  sum- 
mar ized by s tock  have more b i o l o g i c a l  meani ng f o r  spawner-recrui  t 
r e l a t i o n s h i p s  than a  d i v i s i o n  b y  e a r l y  and l a t e  r un .  

5. A  d i v i s i o n  o f  t h e  Ch ign ik  sockeye salmon r u n  by s tock  and an accura te  
es t ima te  o f  t he  age composi t ion o f  each s tock  i s  impo r tan t  f o r  f o r e -  
cas t i ng .  The r e t u r n  o f  2-ocean f i s h  has proved t o  be an impo r tan t  
v a r i a b l e  i n  t h e  f o r e c a s t  o f  the  n e x t  y e a r ' s  r u n  t o  each l a k e  (S.  Parker ,  
personal  communication). Improved est imates o f  t h e  2-ocean component 
i n  t he  r e t u r n  o f  each s tock  cou ld  h e l p  t o  improve t he  f o r e c a s t  f o r  
each s tock .  

Poss ib l e  Sources o f  E r r o r  f o r  t h e  Scale P a t t e r n  Ana l ys i s  Method 

V i o l a t i o n s  of t h e  assumptions necessary f o r  l i n e a r  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  
cou ld  a f f e c t  t he  models which es t imated  t h e  s tock  composi t ion o f  t he  Ch ign ik  
Lagoon samples and cause e r r o r s  i n  t h e  es t imates .  Each p o p u l a t i o n  i n  t h e  LDF 
a n a l y s i s  should  be d i s c r e t e  and i d e n t i f i a b l e .  For  t h e  B lack Lake standards,  a l l  
s ca le  samples were c o l l e c t e d  a t  B lack  Lake o u t l e t  and t h e r e  were p robab ly  no f i s h  



o f  Ch ign ik  Lake o r i g i n  p resen t  because i t  i s  removed f rom any Ch ign ik  Lake 
spawning area. Ch ign ik  Lake standards c o l l e c t e d  i n  Ch ign ik  Lagoon cou ld  have 
inc luded  some f i s h  f rom t h e  Black Lake s tock.  

The assumption o f  m u l t i v a r i a t e  n o r m a l i t y  o f  t h e  sca le  charac te rs  i n  each LDF 
cou ld  have been v i o l a t e d ,  a l so .  Th is  assumption was n o t  r i g o r o u s l y  examined 
because no t e s t  o f  t h e  hypothes is  o f  mu1 t i v a r i a t e  n o r m a l i t y  was a v a i l a b l e .  A l l  
sca le  charac te rs  used i n  t he  LDF analyses were approx imate ly  u n i v a r i a t e  normal 
b u t  t h i s  does n o t  guarantee t h a t  t h e i r  mu1 t i v a r i a t e  d i s t r i b u t i o n s  were normal . 

The assumption o f  equal covar iance ma t r i ces  f o r  t he  groups i n  t h e  LDF a n a l y s i s  
was t e s t e d  f o r  a l l  analyses. I n  12 o f  t h e  13 post-season LDF analyses, t he  
hypo thes is  o f  equal covar iance ma t r i ces  was r e j e c t e d  (a  = 0.05).  Q u a d r a t i c  
d i s c r i m i n a n t  f u n c t i o n  (QDF) a n a l y s i s  would have been more a p p r o p r i a t e  because 
i t  does n o t  r e q u i r e  t h e  e q u a l i t y  o f  covar iance mat r i ces .  Th i s  does n o t  i n v a l i d a t e  
t h e  r e s u l t s  o f  t he  l i n e a r  assignment r u l e ,  however. When t h i s  assumption i s  v i o -  
l a t e d ,  F i s h e r ' s  LDF may s t i l l  be s a t i s f a c t o r y  f o r  c l a s s i f i c a t i o n  ( G i l b e r t  1969; 
Kzranowski 1977). The advantage o f  QDF a n a l y s i s  over  LDF a n a l y s i s  occurs when 
t h e r e  a r e  s i g n i f i c a n t  d i f f e r e n c e s  between t h e  var iances o f  t h e  v a r i a b l e s  used i n  
t h e  ana l ys i s .  The a d d i t i o n a l  i n f o r m a t i o n  p rov ided  by t h e  d i f f e r e n c e  i n  va r iances  
can inc rease  t h e  accuracy o f  t h e  QDF. There were no l a r g e  d i f f e r e n c e s  between 
t h e  var iances  o f  t h e  sca le  charac te rs  f o r  t h e  two Ch ign ik  s tocks and they  were 
u s u a l l y  mu1 t i p l e s  o f  2 o r  l e s s  o f  one another .  It i s  d o u b t f u l  whether t he  accur-  
acy o f  t h e  QDF would be s i g n i f i c a n t l y  b e t t e r  than  t h e  LDF s i nce  t h e r e  were no 
l a r g e  d i f f e r e n c e s  i n  t h e  var iances.  

The sca le  samples c o l l e c t e d  i n  Ch ign ik  Lagoon t o  es t imate  t h e  s tock  composi t ion 
o f  t h e  r u n  d u r i n g  t he  p e r i o d  o f  t r a n s i t i o n  cou ld  be another  p o s s i b l e  source of 
e r r o r .  The p o s s i b i l i t y  of c o l l e c t i n g  samples t h a t  were n o t  r e p r e s e n t a t i v e  of 
t he  r u n  was p r e v i o u s l y  mentioned. The s tock  and age composi t ion o f  s ca le  samples 
c o l l e c t e d  i n  t h e  Lagoon a r e  p robab ly  i n f l u e n c e d  by t h e  area o f  c o l l e c t i o n  and t h e  
t ime  of c o l l e c t i o n .  The commercial f i s h e r y  i s  d ispersed  th roughou t  C h i g ~ i k  Lagoon, 
from i t s  o u t l e t  t o  Chign i  k  Bay t o  t h e  mouth o f  Ch ign i  k  River ,  and operates from 
e a r l y  i n  t h e  morning t o  l a t e  a t  n i g h t .  Changes i n  t he  composi t ion of t h e  r u n  
migh t  be expected f o r  samples c o l l e c t e d  i n  d i f f e r e n t  areas and a t  d i f f e r e n t  t imes. 
The concept o f  a  sample be ing  r e p r e s e n t a t i v e  o f  a l l  f i s h  i n  t h e  catch o r  escape- 
ment on a  p a r t i c u l a r  day i s  o v e r s i m p l i f i e d .  U n t i l  t h e  comp lex i t i e s  o f  t h e  spa- 
t i a l  and temporal changes i n  t h e  r u n  w i t h i n  Ch ign ik  Lagoon a re  i n v e s t i g a t e d  f u r -  
t he r ,  t h e r e  i s  no a l t e r n a t i v e  t o  t h e  p resen t  sampling method. 

Other  p o s s i b l e  sources o f  e r r o r  a re :  (1  ) t h e  assumption o f  a  one-day m i g r a t i o n  
t ime  f rom Ch ign ik  Lagoon t o  t h e  we i r ;  ( 2 )  e r r o r s  i n  ag ing t h e  sca les;  and ( 3 )  
e r r o r s  i n  t he  d a i l y  abundance est imates.  

Advantages o f  t h e  Average T ime-of -Ent ry  Curve f o r  Separat ing t h e  Ch ign ik  Sockeye 
Salmon Stocks 

The ma jo r  advantage o f  us i ng  t he  average t ime -o f -en t r y  curve t o  separate  t h e  
Ch ign ik  sockeye salmon r u n  by s t ock  i s  i t s  ease o f  use. Only t h e  bas i c  r u n  
s t a t i s t i c s ,  d a i l y  escapement and catch,  and age composi t ion es t imates  a re  r e q u i r e d  
f o r  t h e  average TOE method. Large numbers o f  sca les  must be  measured and analyzed 
f o r  t h e  s c a l e  p a t t e r n  a n a l y s i s  method. Fo r  t h e  1978-1982 post-season analyses, an 
average o f  2,600 sca les  were measured f o r  each y e a r  t o  p rov i de  t h e  age -spec i f i c  



stock composi t ion est imates.  Even w i t h  t h e  microcomputer c o n t r o l l e d  d i g i t i z i n g  
system, about  one man-month was r e q u i r e d  t o  measure t h e  sca les f o r  each y e a r ' s  
ana l ys i s .  The average TOE method r e q u i r e s  no a d d i t i o n a l  l a b o r  beyond ag ing  t h e  
sca les t o  es t imate  each s t o c k ' s  c o n t r i b u t i o n  t o  the  run.  

Eva lua t i on  o f  t h e  In-season Stock Separat ion Analys i  s  

The r e s u l t s  o f  t h e  in-season separa t ion  o f  t h e  Chign ik  sockeye salmon s tocks  by 
s c a l e  p a t t e r n s  and l i n e a r  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  were compared t o  t h e  
r e s u l t s  o f  t h e  post-season analyses. Only es t imates  o f  t h e  t o t a l  d a i l y  escape- 
ment by s tock  a r e  necessary f o r  t h e  in-season ana l ys i s .  I n  1979, 1981, and 1982 
t h e  cumula t i ve  escapements by s tock  es t imated  by t h e  in-season and post-season 
analyses were ve r y  s i m i l a r .  I n  1980, t h e r e  was a d i f f e r e n c e  between t he  in-season 
and post-season analyses o f  more than 150,000 f i s h  f o r  t h e  es t imated  t o t a l  B lack  
Lake escapement. The l a c u s t r i n e  s c a l e  p a t t e r n s  o f  t h e  1979 age 2.2 Ch ign ik  Lake 
s tandard d i d  n o t  resemble those o f  t h e  1980 age 2.3 Ch ign ik  Lake s tandard as 
c l o s e l y  as t h e  o t h e r  2.2-2.3 Ch ign ik  Lake s tandard comparisons. The percentage 
of  t he  ac tua l  2.3 s tandard c l a s s i f i e d  as Ch ign ik  Lake o r i g i n  by t h e  1980 in-season 
model (69.0%) was s i g n i f i c a n t l y  l e s s  than f o r  the  o the r  years .  

The in-season method o f  sepa ra t i ng  t h e  Ch ign ik  sockeye salmon s tocks  by a n a l y s i s  
of t h e i r  s c a l e  p a t t e r n s  needs t o  be examined f u r t h e r  be fo re  i t  can be p r o p e r l y  
eva luated.  I t  must be determined i f  t h e  poor  performance i n  1980 was an i s o l a t e d  
occurrence o r  i f  s i m i l a r  r e s u l t s  can be expected f r e q u e n t l y .  

The advantage o f  t h e  in-season method o f  separa t ing  the  Ch ign ik  s tocks  i n  compari- 
son t o  the  average TOE method a r e  s i m i l a r  t o  t h e  advantages o f  t h e  post-season 
method. The in-season method: ( 1  ) es t imates  t h e  s tock  composi t ion o f  the  r u n  
f rom da ta  c o l l e c t e d  throughout  t h e  run ;  ( 2 )  i s  y e a r - s p e c i f i c  r a t h e r  than be ing 
an average of data from a number o f  years ;  and ( 3 )  separates t h e  escapement by 
s tock  i n s t e a d  o f  by e a r l y  r u n  and l a t e  run.  

A p o s s i b l e  source of e r r o r  f o r  t h e  in-season analyses, i n  a d d i t i o n  t o  those d i s -  
cussed f o r  t h e  post-season analyses, i s  e s t i m a t i n g  t he  s tock  composi t ion o f  o n l y  
one age c l a s s  i n  t h e  run .  D i f fe rences  i n  t h e  e n t r y  p a t t e r n s  o f  t h e  ma jo r  age 
c lasses  i n  t he  r u n  were apparent  i n  t h e  post-season analyses. The e f f e c t s  o f  
t h i s  on t h e  in-season es t imates  may n o t  be ve ry  severe because t h e  in-season method 
es t imates  t h e  number o f  each s tock  i n  t h e  escapement and i s  n o t  concerned w i t h  t he  
age composi t ion.  

SUMMARY 

1. Many s t u d i e s  have i d e n t i f i e d  P a c i f i c  salmon s tocks  by t h e i r  s ca le  p a t t e r n s  
and d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s .  I n  a lmost  a l l  p rev ious  s t u d i e s  t h e  s tocks 
have come f rom d i f f e r e n t  r i v e r  o r  l a k e  systems. There have been v e r y  few 
s t u d i e s  sepa ra t i ng  t h e  s tocks  w i t h i n  a  s i n g l e  watershed. 

2. The sockeye salmon r u n  t o  t h e  Ch ign ik  lakes  i s  t h e  l a r g e s t  i n  Alaska o u t s i d e  
o f  B r i s t o l  Bay ( t h e  ten-year  average r e t u r n  i s  2.03 m i l  l i o n  f i s h ) .  E f f e c t i v e  
management o f  t h e  Ch ign ik  sockeye salmon r u n  r e q u i r e s  t h a t  i t s  two major  s tocks  
can be i d e n t i f i e d  i n  t h e  ca tch  and escapement. 



3. The Chignik sockeye salmon stocks were defined by the nursery lake where 
they spend t h e i r  ear ly  freshwater l i f e ,  Black Lake or Chignik Lake. 

4. Dahlberg (1968) devised a procedure fo r  separating the Chignik sockeye 
salmon run by stock from tagging s tudies  conducted from 1962-1966. For 
each year,  a curve defining the average time-of-entry of each stock was 
calculated.  

5. Optimum escapement estimated f o r  each stock were approximately 400,000 fo r  
Black Lake and 200,000 f o r  Chignik Lake. The commercial f i shery  has been 
regulated to  ensure t ha t  these goals were met since 1967. 

6. Since 1970, a TOE curve which i s  the average of tagging data from 1962-1969 
has been used t o  estimate the contribution of each stock t o  the catch and 
escapement. Problems with the average TOE curve have been discussed by 
other researchers. 

7. Objectives of t h i s  study were t o  determine i f  the major age c lasses  in  the 
Chignik sockeye salmon run could be separated by stock with discriminant 
function analysis  of t h e i r  scale  pat terns  and to  develop a procedure fo r  
separating the run by stock and age c lass  in a post-season analys is .  The 
poss ib i l i ty  of estimating the stock composition of the r u n  in-season with 
scale  pattern analysis  was examined, a lso .  

8. Measurements and c i rcu l i  counts in each lacust r ine  annular zone of a scale  
and a l i nea r  discriminant function were used t o  iden t i fy  the Black Lake and 
Chignik Lake stocks. 

9. Scale samples collected a t  the o u t l e t  of Black Lake were used f o r  the Black 
Lake standards. Scale samples collected in Chignik Lagoon a f t e r  24 July 
were used t o  es tabl ish  Chignik Lake standards. Samples collected in Chigni k 
Lagoon were used t o  estimate the age and stock composition of the run. 

10. A post-season analysis  of each of the Chigni k runs from 1978-1982 estimated 
the to ta l  return by age c lass  f o r  each stock with l i nea r  discriminant function 
analysis  of l acus t r ine  scale  patterns.  The averaqe c l a s s i f i c a t i on  accuracy 
fo r  the  major age c lasses  in the r u n  during these years was: 85.4% fo r  the 
2.2 age c l a s s ;  74.9% fo r  the 1 .3  age c lass ;  and 85.8% fo r  the 2.3 age c lass .  

11. Differences in the pattern of ent ry  f o r  a stock were observed f o r  each age 
c lass  analyzed and between the years analyzed. 

12. A l i n ea r  discriminant function fo r  an in-season analysis  of the age c lass  was 
calculated from the  Black Lake samples in the year of analys is  and the 2.2 
Chignik Lake standard from the previous year. 

13. The in-season estimates of the cumulative escapement by stock were very close 
to the post-season estimates fo r  the 1979, 1981, and 1982 in-season analyses. 
The estimates in 1980 di f fered by more than 150,000 f i sh  fo r  the estimated 
Black Lake escapement. 

14. The advantage of the sca le  pattern analysis  method of separating the Chignik 
sockeye salmon stocks are :  i t  i s  year-specif ic and age-specific; i s  deter-  



mined from data collected throughout the run; and i t  separates the run by 
nursery lake stock. 

15. The in-season analysis method of estimating the cumulative escapement by 
stock requires further examination before i t  can to ta l ly  replace the aver- 
age TOE curve for in-season analyses. 
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APPENDICES 



Appendix T a b l e  l a .  Format used t o  r e c o r d  t h e  d e s c r i p t i v e  i n f o r m a t i o n  f o r  each 
s c a l e  measured. 

I d e n t i f i e r  Column( s )  Code o r  e x p l a n a t i o n  

S c a l e  number 1-2 P o s i t i o n  of s c a l e  on s c a l e  ca rd  

Sex 3 1 = male,  2 = female ,  3 = unknown 

Length 4-6 Mideye-to-fork-of-tail l e n g t h ,  
i n  mm 

Sample number 7 -9 S c a l e  c a r d  number 

Date  of sampling 10- 11 Year 
12-13 Month 
14-15 Day 

Sampling l o c a t i o n  16 1 = Chignik Lagoon 
2 = Chignik River 
3 = Chignik Lake 
4 = Black Lake o u t l e t  
5 = Black River  

Stock 1 = Black Lake 
2 = Chignik Lake 
3 = Unknown 

18 Number of f r e s h w a t e r  a n n u l i  
19 Number of marine  a n n u l i  



Appendix Table l b .  Format used t o  r eco rd  t h e  count and measurement i n f o r m a t i o n  
f o r  each s c a l e  processed. All d i s tances  a r e  recorded t o  
t he  neares t  0.01 inch .  

Measurement or count Column(s) 

Number of circuli in the first lacustrine annular zone 20-2 1 

Width of the first lacustrine annular zone 22-25 

14  fields of 3 digits recording the distance from the 
scale focus to each circulus in the first lacustrine 
annular zone 26-67 

Number of circuli in the second lacustrine annular zone, 
if present 68-69 

Width of the second lacustrine annular zone 70-73 

14  fields of 3 digits recording the distance from the 
scale focus to each circulus in the second lacustrine 
annular zone 74-1 15  

Number of circuli of lacustrine plus growth, if present 116-117 

Width of the zone of lacustrine plus growth 118-121 



Appendix Table 2 .  Scale charac ters  examined f o r  use in t h e  l i n e a r  discr iminant  
funct ion analyses.  

F i r s t  l a c u s t r i n e  a n n u l a r  zone 

Charac te r  D e f i n i t i o n  

number of c i r c u l i  i n  t h e  annu la r  zone 

wid th  of t h e  a n n u l a r  zone 

d i s t a n c e  from t h e  s c a l e  focus  t o  each of t h e  f i r s t  e i g h t  
c i r c u l i  i n  t h e  zone 

t h e  r a t i o  of c h a r a c t e r s  3-10 t o  t h e  width of t h e  zone 

d i s t a n c e  between t h e  f i r s t ,  second, t h i r d ,  and f i f t h  
c i r c u l i  b e f o r e  t h e  f i r s t  annulus  and t h e  end of t h e  
zone 

t h e  r a t i o  of c h a r a c t e r  19-22 t o  t h e  width  of t h e  zone 

average  i n t e r v a l  between c i r c u l i  i n  t h e  zone 

number of c i r c u l i  i n  t h e  f i r s t  3 / 4  of t h e  zone 

d i s t a n c e  between every  consecu t ive  p a i r  of c i r c u l i  
between t h e  f i r s t  and t h e  s i x t h  c i r c u l i  i n  t h e  zone 

t h e  r a t i o  of c h a r a c t e r s  29-33 t o  t h e  width of t h e  zone 

d i s t a n c e  between every second c i r c u l u s  between t h e  f i r s t  
and t h e  s i x t h  c i r c u l i  i n  t h e  zone 

t h e  r a t i o  of c h a r a c t e r s  39-42 t o  t h e  width  of t h e  zone 

d i s t a n c e  between every  t h i r d  c i r c u l u s  between t h e  f i r s t  
and t h e  s i x t h  c i r c u l i  i n  t h e  zone 

t h e  r a t i o  of c h a r a c t e r s  47-49 t o  the  width of t h e  zone 

d i s t a n c e  between t h e  f i r s t  and f i f t h  c i r c u l i  i n  t h e  zone 

d i s t a n c e  between t h e  f i r s t  and s i x t h  c i r c u l i  i n  t h e  zone 

t h e  r a t i o  of c h a r a c t e r s  53-54 t o  t h e  width of t h e  zone 

d i s t a n c e  from t h e  f i r s t  c i r c u l u s  t o  t h e  end of t h e  zone 



Appendix Table 2 .  Scale characters examined for use in the l inear  discriminant 
function analyses (continued) . 

- - -- - - - -- - - - - 

F i r s t  l a c u s t r i n e  a n n u l a r  zone 

Charac te r  D e f i n i t i o n  

5  8 d i s t a n c e  from t h e  second c i r c u l u s  t o  t h e  end of t h e  zone 

5 9  t h e  r a t i o  of c h a r a c t e r  57 t o  t h e  width  of t h e  zone 

60 width  of t h e  wides t  p a i r  of c i r c u l i  i n  t h e  zone 

6  1 t h e  r a t i o  of c h a r a c t e r  60 t o  t h e  width  of t h e  zone 

62 t h e  f i r s t  c i r c u l u s  of t h e  widest  p a i r  i n  t h e  zone 

Second l a c u s t r i n e  a n n u l a r  zone ( i f  p r e s e n t )  

1 number of c i r c u l i  i n  t h e  a n n u l a r  zone 

2  wid th  of t h e  a n n u l a r  zone 

d i s t a n c e  from t h e  end of t h e  f i r s t  l a c u s t r i n e  annu lus  
t o  each of t h e  f i r s t  s i x  c i r c u l i  i n  t h e  zone 

9-14 t h e  r a t i o  of c h a r a c t e r s  3-8 t o  t h e  width of t h e  zone 

15-17 d i s t a n c e  between t h e  f i r s t ,  second, and f o u r t h  c i r c u l i  
be fore  t h e  second annulus  and t h e  end of t h e  zone 

18-20 t h e  r a t i o  of c h a r a c t e r s  15-17 t o  t h e  width  of t h e  zone 

2  1 average  i n t e r v a l  between c i r c u l i  i n  t h e  zone 

2  2 number of c i r c u l i  i n  t h e  f i r s t  h a l f  of t h e  zone 

23 number of c i r c u l i  i n  t h e  f i r s t  3 / 4  of t h e  zone 

24-28 d i s t a n c e  between every consecu t ive  p a i r  of c i r c u l i  
between t h e  f i r s t  and t h e  s i x t h  c i r c u l i  i n  t h e  zone 

29-33 t h e  r a t i o  of c h a r a c t e r s  24-28 t o  t h e  wid th  of t h e  zone 

34-37 d i s t a n c e  between every  second c i r c u l u s  between t h e  f i r s t  
and t h e  s i x t h  c i r c u l i  i n  t h e  zone 

38-41 t h e  r a t i o  of c h a r a c t e r s  34-37 t o  t h e  width of t h e  zone 



Appendix Table 2. Scale charac te rs  examined f o r  use i n  t h e  l i n e a r  d i s c r i m i n a n t  
f u n c t i o n  analyses (con t inued)  . 

Second l a c u s t r i n e  a n n u l a r  zone ( i f  p r e s e n t )  

Charac te r  D e f i n i t i o n  

42-44 d i s t a n c e  between every t h i r d  c i r c u l u s  between t h e  f i r s t  
and t h e  s i x t h  c i r c u l i  i n  t h e  zone 

45-47 t h e  r a t i o  of c h a r a c t e r s  42-44 t o  t h e  width of the  zone 

4 8 d i s t a n c e  between t h e  f i r s t  and f i f t h  c i r c u l i  i n  t h e  zone 

d i s t a n c e  between t h e  second and s i x t h  c i r c u l i  i n  t h e  
zone 

50-51 t h e  r a t i o  of c h a r a c t e r s  48-49 t o  t h e  width  of t h e  zone 

52 d i s t a n c e  between t h e  f i r s t  c i r c u l u s  and t h e  end of t h e  
zone 

d i s t a n c e  between t h e  second c i r c u l u s  and t h e  end of t h e  
zone 

54-55 t h e  r a t i o  of c h a r a c t e r s  52-53 t o  t h e  width of t h e  zone 

5 6  wid th  of t h e  wides t  p a i r  of c i r c u l i  i n  t h e  zone 

5 7 t h e  r a t i o  of c h a r a c t e r  56 t o  t h e  width  of t h e  zone 

5 8 t h e  f i r s t  c i r c u l u s  of t h e  wides t  p a i r  i n  t h e  zone 

5 9 t o t a l  number of a n n u l a r  c i r c u l i  ( b o t h  annu la r  zones) 

60 t o t a l  wid th  of t h e  a n n u l a r  zone (both  annu la r  zones)  

6  1 t h e  r a t i o  of c h a r a c t e r  60 t o  c h a r a c t e r  59 

62 t h e  r a t i o  of t h e  wid th  of t h e  f i r s t  annu la r  zone t o  
c h a r a c t e r  60 

L a c u s t r i n e  p l u s  growth zone ( i f  p r e s e n t )  

1 number of c i r c u l i  i n  t h e  p l u s  growth zone 

2  wid th  of t h e  p l u s  growth zone 

t o t a l  number of l a c u s t r i n e  c i r c u l i  ( i n c l u d i n g  p l u s  
growth) 



Appendix Table 2 .  Scale characters examined for use in the linear discriminant 
function analyses (continued) . 

L a c u s t r i n e  p l u s  growth zone ( i f  p r e s e n t )  

Charac te r  D e f i n i t i o n  

t o t a l  width  of t h e  l a c u s t r i n e  zone ( i n c l u d i n g  p l u s  
growth 

5 t h e  r a t i o  of t h e  w i d t h  of t h e  t o t a l  annu la r  zone t o  t h e  
width  of t h e  t o t a l  l a c u s t r i n e  zone 

t h e  r a t i o  of t h e  wid th  of t h e  f i r s t  annu la r  zone t o  
c h a r a c t e r  4 



Appendix T a b l e  3a. C h i g n i k  d a i l y  sockeye salmon escapement, c a t c h  by area,  and t o t a l  r u n  a d j u s t e d  t o  C h i g n i k  
Lagoon da te ,  1978. 

Date  Escapement Chign ik  tlook t i d y /  Aniakchak E a s t e r n  Cape Western i ' e r r y v i l l e  S tepovak  Daily 
Lagoon K u j u l i k  D i s t r i c t  Igvak D i s t r i c t  D i s t r i c t  T o t a l  

5/22 0  0  0  0  0 0 0 0 0 U 
5/23 0  0  0  0  0  0  0  0 0  0  
5/24 0  0  0  0  0  0  0  0  0  0  
5/25 0  0  0  0  0  0  0  0  0  0  
5/26 1 , 0 0 0 ~  0 0  0  0  0  0  0  0  1,000 
5/27 1 , 0 0 0 ~  0 0  0  0  0  0  0  0  1,000 
5/28 1,008 0  0  0  0  0  0  0  0  1,008 
5/29 1,152 0  0  0  0  0  0  0  0  1,152 
5/30 1,200 0  0  0  0  0  0  0  0  1,200 
5/31 2,369 0  0  0  0  0  0  0  0  2,369 
61 1  7,200 0  0  0  0  0  0  0  0  7,200 
61 2  1,680 0  0  0  0  0  0  0  0 1,680 
61 3  7,435 0  0  0  0  0  0  0  0  7,435 
6 1 4  11,929 0  0  0  0  0  0  0  0  11,929 
61 5 23,094 0  0  0  0  0  0  0  0  23,094 
6 1 6  11,577 0  0  0  0  0  0  0  0  11,577 
61 7  10,435 0  0  0  0  0  0  0  0  10,435 
6/ 8  6,720 0 0  0  0  0  0  0  0  6,720 
61 9 24,700 118,402 0  0 0  0  0  0  0  143,102 
6/10 18,426 0  0  0  0  0  0  0  0  18,426 
6/11 24,036 0  0  1,554 0  0  0  0  0  25,590 
6/12 17,382 102,170 0  0  0  0  0  0  0  119,552 
6/13 25,156 0  0  0  0  0  0  0  0  25,156 
6/14 24,524 52,645 0  4,145 0  21,976 0  0  0  103,290 
6/15 22,056 0  0  0  0  0  0  U 0 22,056 
6/16 12,265 84,229 0 146 0 0  0  0  0  96,640 
6/17 19,526 63,530 0  0  0  0  0  0  1,367 84,423 
6/18 47,496 0  0  2,332 0  0  0  0  2,242 52,070 
6/19 15,146 0  0  5,267 0  0  0  0  2,036 22,449 
6/20 6,045 69,822 0  0  0 19,602 0 0 0 95,469 
6/21 12,659 52,396 3,000 0  0  9,759 0  0  0  77,814 
6/22 22,514 0  1,613 2,654 0  27,379 0  0  0 54,160 

-Con t i  nued- 



Appendix Table  3a. Ch ign ik  d a i l y  sockeye salmon escapement, ca tch  by area, and t o t a l  r u n  ad jus ted  t o  Chign ik  
Lagoon date,  1978 (con t inued) .  

-- ---- - -- 

D a t e  E s c a p e m e n t  C h i g n i k  Hook Bay/ A n i d k c h a k  E d s L e r n  Cdpe W e s t e r n  P e r r y v l l l e  Stepovak Ltdi ly  
Lagoon Ku j u l  i k  D l s c r i c t  I g v . ~ k  D i s t r i c t  U ~ s t r i c t  T o t a l  

... 



Appendix T a b l e  3a. C h i g n i k  d a i l y  sockeye salmon escapement, c a t c h  by a rea ,  and t o t a l  r u n  a d j u s t e d  t o  C h i g n i k  
Lagoon da te ,  1978 ( c o n t i n u e d ) .  

Date  Escapement C h i g n i k  Hook Bdy/ Aniakclldk E a s t e r n  Cape west err^ P e r r y v i l l e  S t e p o v a k  D a i l y  
Lagoon Kujuli k  D i s t r i c t  Igvak D i s t r i c t  D i s t r i c t  T o t d l  



Appendix Table  3a. Ch ign ik  d a i l y  sockeye salmon escapement, ca tch  by area, and t o t a l  r u n  ad jus ted  t o  Chign ik  
Lagoon date, 1978 ( con t i nued ) .  

Date Escapement Chign ik  Hook bay/  Aniakchak E a s t e r n  Cape Western P e r r y v i l l e  Stcpuvdk D a i l y  
Lagoon K u j u l i k  D i s t r i c t  Igvak D i s t r i c t  b i s t r i c t  T o t a l  



Appendix Table 3a. Chignik daily sockeye salmon escapement, catch by area, and total run adjusted to Chignik 
Lagoon date, 1978 (continued) . 
- 

Date Escapement Chignik Hook Bay/ Aniakcltak E.istern Cape Western P e r r y v l l l e  Stepovak Dai ly  
Lagoon Ku j u l  i k  D i s t r i c t  Igvak D i s t r i c t  D i s t r i c t  T o t a l  

4 

- - -  -- 

Tota l  682.547 1,474,673 37,697 59,234 56 217,664 4,482 14 1 27,106 2,503.600 
- - - - - - - . -- - 

Escapement estimated. 

* All escapements a f t e r  8/9 estimated. 



Appendix Table 3b. Age composition of sockeye salmon scale samples collected in Chignik Lagoon during 1978, 
by percent of sample. 

Sample Sample 
Date Size 

Age .......................................................................... 
1.1 2.1 1 .2  2.2 3.2 1 .3  2 .3  3 .3  1 .4  2.4 Other 



Appendix Table  3c. Age composi t ion o f  sockeye salmon sca le  samples c o l l e c t e d  a t  B lack Lake o u t l e t  d u r i n g  
1978, by percen t  o f  sample. 

Sample Sample 
Date Size 

Age .......................................................................... 
1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other  

Mean l 0.0 0.0 2.11 4.02 0.0 72.93 20.87 0.0 0.07 0.0 0 .O 

Does n o t  i n c l u d e  t h e  sample on 6/27. 



Appendix Tab le  3d. Summary of t h e  d a i l y  and c u m u l a t i v e  r e t u r n  of  sockeye 
salmon f o r  t h e  B lack  Lake s t o c k  i n  1978. 

Date Escapement Catch Daily Cumulative Cumulative 
Return Return Proportion 

Prior 5 / 3 1  
5 /31  
6 /  1 
6 1  2  
6 /  3 
6 1  4  
6 /  5 
6 1  6 
6 1  7 
6 1  8  
6 1  9  
6 /10  
6 / 1 1  
6 /12  
6 / 1 3  
6 /14  
6 /  15 
6 /16  
6 / 1 7  
6 /18  
6 / 1 9  
6 /20  
612 1 
6 /22  
6 / 2 3  
6/24 
6 /25  
6 /26  
6 /27  
6 /28  
6 / 2 9  
6 / 3 0  
7 1  1 
7 1  2  
7 1  3 
7 1  4  
7 1  5  
7 1  6  
7 1  7  
7 /  8  
7 1  9 
7 /10  
7 / 1 1  
7 /12  
7 / 1 3  
7 /14  
7 / 1 5  
7/ 16  
7 / 1 7  
7 /18  
7 /19  
7 / 2 0  
7 / 2 1  

After 7 / 2 1  

Total 



Appendix T a b l e  3 e .  Summary of  t h e  d a i l y  and c u m u l a t i v e  r e t u r n  o f  sockeye 
salmon f o r  t h e  C h g i n i k  Lake s t o c k  i n  1978. 

Date Escapement Catch Dai ly  Cumulative Cumulative 
Return Return Proportion 

Pr ior  61 15 
6 / 1 5  
6 / 1 6  
61 17 
6 / 1 8  
6 / 1 9  
6 / 2 0  
6 / 2 1  
6 / 2 2  
6 / 2 3  
6 / 2 4  
6 / 2 5  
6 / 2 6  
6 / 2 7  
6 / 2 8  
6 / 2 9  
6 / 3 0  
71  1  
7 /  2  
71  3  
7 1  4  
7 /  5  
71 6  
71 i 
71 8  
7 /  9  
7 / 1 0  
7 / 1 1  
7 / 1 2  
7 / 1 3  
7 / 1 4  
7 / 1 5  
7 / 1 6  
7 / 1 7  
7 / 1 8  
7 / 1 9  

7 / 2 2  
7 / 2 3  
7 / 2 4  
7 / 2 5  
7 / 2 6  
7 / 2 7  
7 / 2 8  
7 / 2 9  
7 / 3 0  
7 / 3 1  
81  1  
81 2  
81  3  
8 /  4  
81  5 
81 6  
81 7  
81  8  
81 9  

After  8 1  9  

Tota l  223,887 753,109 976 ,996  



Appendix Table  4a. C h i g n i k  d a i l y  sockeye salmon escapement, c a t c h  by area, and t o t a l  r u n  a d j u s t e d  t o  Ch ign ik  
Lagoon date ,  1979. 

Date  Escapement Chign ik  Hook b y /  Aniakchdk EdsLcrn Cape Western l ' e r r y v i l l e  S teyovdk  D d i l y  
Lagoon Ku j u l i k  D i s t r i c t  Igvak D i s t r i c t  D i s t r i c t  T o t a l  



Appendix Tab le  4a. C h i g n i k  d a i l y  sockeye salmon escapement, ca tch  by area, and t o t a l  r u n  a d j u s t e d  t o  Chign ik  
Lagoon date,  1979 ( c o n t i n u e d )  . 

- -- 
Date Escapement Chignik  Hook Bay/ Aniakclidk t , i s t e r n  Cape Western Y e r r y v i l l e  btepovak Ddi ly  

Lagoon Ku j u l i k  I l ~ s t r i c  t  Igvak U i s t r i c t  D i s t r i c t  T o t d l  
4 

6/26  13 ,894 0  0 0 0  0  0  0  0 13 ,894 
6/27 12 ,610 0  0  0 0  0  0  0  0 lL ,b lO 
6 /28  8 ,036  0  0  0  0  0  0  0 0  8 ,036 
6 /29  8 ,351  0  0  0  0  0  0  0  0  8 ,351  
6 /30  21 ,746 0  0  0  0 0  0  0  0  21,746 
71  1  9 ,659  0  0  0  0 0  0  0  0  9 ,659  
7/ 2  27 ,554 0  0  0  0  0  0  0  0  27,554 
7 /  3  14 ,827 0  0  0  0  0  0  0  0  14,827 
71 4  6 ,660  0  0  0  0  0  0 0  0  6 ,660  
71 5  8 ,817 0  0  0  0 0  0  0  0  8 ,817  
71 6  10 ,000 1 ,776 0  0  0  0  0  0  0  11 ,776 
71 7  8 ,000  91 ,617 0  0  0  0  0 0 0  99,617 
71  8  8 ,000 41,084 366 0  0  0  4 ,811  U 0  54,261 
71 9  15 ,048 3 ,561 136 0  0  0  1 ,985  0 0  20 ,730 
7 /10  25,457 947 200 2 ,451  0 0 934 0  0  29,989 
7 /11  61 ,810 0  0  0  0  0  389 84 0  62 ,283 
7 /12  18 ,298 79 ,976 0  0  0  0  0  0  U 98,274 
7/13 4,212 64,627 0  0  0  0 0  0  0 68 ,839 
7/14 3 ,066 54 ,870 0  0  0 0  0  0  0  57,936 
7 /15  18,856 209 2 ,824 6 ,530 0  0  0  0 0  28,419 
7 /16  4,332 48 ,582 0  6 ,909  0  0  0  0  0  59 ,823 
7/17 3 ,438 41,534 2,047 0  0  0  0  0  0  47,019 
7 /18  2,904 39,636 5 ,799 3 ,613  0  0  0  0  0  51,952 
7 /19  1 ,542 33,394 9 ,408  6 ,800 0  0  102 0  0  51,246 
7 /20  1 ,494 27 ,435 1 ,532 5 ,663 0  0  0  447 0  36,571 
7 /21  3,156 22,615 2 ,832 9 ,451 0  0  1 ,130  966 0  40,150 
7 /22  2.532 19,882 2,169 12 ,720 0  0  100 0  0  37 ,403 
7 /23  1 ,992 26 ,373 927 5,779 0  0  0 0  0  35,071 
7 /24  3 ,284 17 ,173 0  5 ,639  0  0 0 0 0 26,096 
7 /25  978 24,106 0  0  0  0  907 0  0 25,991 
7 /26  1 ,590 22,771 0  0  0  0  763 18 0  25 ,142 
7/27 1 ,590  23 ,159 0  0  0  1 ,550  1 ,155  8  0  27,462 
7 /28  1 ,086 16 ,394 0  0  0 5 ,200  0  2  1  0  22,701 
7/29 1 ,614 10 ,998  0 0 U 667 0  0  0  13 ,279  
7 /30  3 ,222 12 ,060 U U 0 2  26 0  0 0  15 ,508 

-Cont inued- 



Appendix Table 4a. Chignik d a i l y  sockeye salmon escapement, catch by area ,  and t o t a l  r u n  adjusted t o  Chignik 
Lagoon da te ,  1979 (cont i  nued) . 

Date Escapement C l ~ i g n i k  Hook Bay/ Aniakchak Eastern Cape Westerr1 P e r r y v i l l e  Steyovak D a i l y  
Lagoon Kujulik D i s t r i c t  Igvak D i s t r i c t  D i s t r i c t  Totdl 

+ 

7/31 1 , 6 1 3 ~  9,940 540 0 0 0 0 0 U 12,093 
81 1 1,613 8,994 1,873 1,271 0 0 642 0 0 14,393 
81 2 1,613 10,268 751 3,166 0 0 1,202 119 0 17,119 
81 3 1,613 7,301 1,640 2,038 0 0 2,709 16 0 15,317 
81 4 1,613 0 121' 406 0 0 1,875 0 0 4,015 
81 5 1,613 0 0 1,114 0 0 96 184 0 3,007 
81 6 1,613 11,919 0 0 0 0 0 13 0 13,545 
81 7 1,613 8,689 1,186 0 0 0 0 0 0 11,488 
81 8 1,613 7,404 1,097 1,904 0 0 296 0 0 12,314 
81 9 1,613 5,716 380 1,150 170 0 365 5 3 0 9,447 
8/10 1,613 7,238 0 1,005 2 5 0 326 128 0 10,335 
8/11 1,613 0 250 0 7 0 375 12 1 0 2,366 
8/  12 1,613 0 3 9 0 0 0 0 2 0 1,654 
8/13 1,613 9,097 0 108 0 0 0 0 0 10,818 
8/14 1,613 4,145 0 0 0 0 119 0 0 5,877 
8/15 1,613 6,018 0 137 0 0 30 5 0 7,803 
8/16 1,613 3,231 0 13 0 0 0 9 2 0 4,949 
8/17 1,613 6,328 0 44 0 0 1 65 0 8,051 
8/18 1,613 0 514 0 0 0 0 166 0 2,293 
8/19 1,613 0 0 0 0 0 0 36 0 1,649 
8/20 1,613 8,287 0 0 0 0 0 156 0 10,056 
8/21 1,613 4,286 0 0 0 0 0 0 0 5,899 
8/22 1,613 4,400 0 0 0 0 1 0 0 6,014 
8/23 1,613 4,576 0 0 0 0 0 0 0 6,189 
8/24 1,613 3,474 0 0 0 0 0 0 0 5,087 
8/25 1,613 0 0 0 0 0 0 0 0 1,613 
8/26 1,613 0 0 0 0 0 0 0 0 1,613 
8/27 1,613 2,617 0 0 0 0 0 0 0 4,230 
8/28 1,613 1,452 0 0 0 0 0 0 0 3,065 
8/29 1,613 1,271 0 0 0 0 0 0 0 2,884 
8/30 1,613 1,673 0 0 U 0 6 148 0 3,440 
8/31 0 947 0 0 0 0 0 0 0 947 
91 1 0 0 0 0 0 0 0 0 0 0 
91 2 0 0 0 0 0 0 0 6 0 6 
9/ 3 0 0 0 0 0 0 0 7 0  7 

-Con t i nued- 



Appendix Table 4a. Ch ign ik  d a i l y  sockeye salmon escapement, catch by area, and t o t a l  r u n  ad jus ted  t o  Ch ign ik  
Lagoon date,  1979 ( c o n t i  nued) . 

Date  Escapement C h i g n i k  Hook Bay/ Aniakchak E a s t e r n  Cape Western  P e r r y v i l l e  S t e l ~ b v a k  D a i l y  
Lagoon K u j u l i k  D i s t r i c t  Igvak D i s t r i c t  D i s t r i c t  T o t a l  

- - - - - - - - - - 

9/ 4 0 0 0 0 0 0 0 0 0 0 
9/ 5 0 0 0 0 0 0 0 0 0 0 
9/ 6 0 0 0 0 0 0 0 1 0 1 
9/ 7 0 0 0 0 0 0 0 0 0 0 
91 8 0 0 0 0 0 0 0 4 0 4 
91 9 0 0 0 0 0 0 0 0 0 0 
9/10 0 0 0 0 0 0 0 0 0 0 
91 11 0 9 6 0 0 0 0 0 0 0 96 
9/12 0 10 0 0 0 0 0 0 0 10 
9/ 13 0 2 9 0 0 0 0 0 0 0 29 
9/14 0 0 0 0 0 0 0 0 0 0 
9/15 0 0 0 0 0 0 0 0 0 0 
9/ 16 0 62 0 0 0 0 0 0 0 62 
9/ 17 0 2 3 0 0 0 0 0 0 0 23 
9/18 0 0 0 0 0 0 0 0 0 0 
9/19 0 0 0 0 0 0 0 0 0 0 
9/20 0 0 0 0 0 0 0 0 0 0 
9/21 0 0 0 0 0 0 0 0 0 0 
9/22 0 0 0 0 0 0 0 0 U 0 
9/23 0 0 0 0 0 0 0 0 0 0 
9/24 0 0 0 0 0 0 0 0 0 0 
9/25 0 0 0 0 0 0 0 0 (1 0 
9/26 0 0 0 0 0 0 0 0 0 0 
9/27 0 0 0 0 0 0 0 0 0 0 
9/28 0 0 0 0 0 0 0 0 0 0 
9/29 0 0 0 0 0 0 0 0 0 0 
9/30 0 0 0 0 0 0 0 0 U 0 

T o t a l  737,816 908,405 36,631 80,6 17 202 14,989 20,319 2,866 0 1,801,845 3 

Escapement est imated.  
* Pro ra ted  f o r  an es t imated  escapement o f  50,000 i n  August. 

Does n o t  i n c l u d e  t h e  Stepovak ca tch  o f  64,400 f o r  which t h e r e  were no d a i l y  es t imates .  



Appendix Table  4b. Age composi t ion of sockeye salmon s c a l e  samples c o l l e c t e d  i n  Ch ign ik  Lagoon d u r i n g  1979, 
by  pe rcen t  o f  sample. 

Age 
Sample Sample .......................................................................... 
Date S i z e  1.1 2.1 1.2 2.2 3.2 1.3 2.3 3 . 3  1.4 2.4 Other 



Appendix Table 4c. Age composition of sockeye salmon scale  samples collected a t  Black Lake ou t l e t  during 1979, 
by percent o f  sample. 

- - 

Age 
Sample Sample .......................................................................... 
Date Size 1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other 

61 19 93 1.1 0.0 2.1 11.8 0.0 32.3 51.6 0.0 0.0 1.1 0 .O 
6/24 3 45 0.0 0.0 3.5 7.8 0.0 40.6 48.1 0.0 0.0 0.0 0 .O 
6/26 230 0.0 0.0 3.0 8.3 0.0 25.7 63.0 0.0 0.0 0.0 0.0 
6/27 373 .5 .3 2.9 8.0 0.0 34.9 52.8 0.0 0.0 .3 .3 
6/28 356 .6 0.0 2.8 9.5 0.0 28.9 57.9 0.0 0.0 0.0 . 3  

Mean 



Appendix Table  4d. Sumnary o f  t h e  d a i l y  and cumu la t i ve  r e t u r n  o f  sockeye salmon 
f o r  t h e  B lack Lake s t o c k  i n  1979. 

Date Escapement Catch Daily Cumulative Cumulative 
Return Return Proportion 

Prior 61 1 4,439 0 4,439 4,439 .008 
61 1 1,622 0 1,622 6,061 .011 
6/ 2 2,945 0 2,945 9,006 .Oi6 
61 3 3,765 0 3,765 12.771 .022 
61 4 3,806 0 3,806 16,577 .029 
6/ 5 3,275 0 3,275 19,852 .034 
61 6 8,728 0 8,728 28,580 .050 
61 7 9,757 0 9,757 38,337 .066 
61 8 11,574 0 11,574 49,911 .087 
61 9 6,123 32,278 38,401 88,312 .153 
61 10 7,925 0 7,925 96,237 .167 
6/11 12,557 2,007 14,564 110,801 .192 
6/12 18,560 0 18,560 129,361 .224 
6/13 10,964 0 10,964 140,325 .243 
6/14 13,822 5,573 19,395 159,720 .277 
6/15 18,050 0 18,050 177,770 .308 
6/16 13,300 0 13,300 191,070 .331 
6/17 20,535 0 20,535 211,605 .367 
6/18 16,347 0 16,347 227,952 .395 
6/19 15,029 0 15,029 242,981 .421 
6/20 15,738 0 15,738 258,719 .448 
6/21 15,675 0 15,675 274,394 .476 
6/22 7,678 0 7,678 282,072 .489 
6/23 6,100 0 6,100 288,172 .499 
6/24 8,347 0 8,347 296,519 .514 
6/25 6,828 0 6,828 303,347 .526 
6/26 9,086 0 9,086 312,433 .541 
6/27 8,083 0 8,083 320,516 .556 
6/28 5,031 0 5,031 325,547 .564 
6/29 5,080 0 5,080 330,627 .573 
6/30 12,777 0 12,777 343,404 .595 
7/ 1 5,447 0 5,447 348,851 .605 
7/ 2 14,814 0 14,814 363,665 .630 
7/ 3 7,538 0 7,538 371,203 .643 
71 4 3,108 0 3,108 374,311 .649 
71 5 3,735 0 3,735 378,046 .655 
7 /  6 3,794 673 4,467 382,513 .663 
7/ 7 2,674 30,623 33,297 415,810 .721 
71 8 2,230 12,895 15,125 430,935 .747 
7/ 9 4,044 1,527 5,571 436,506 -757 
7/10 6,524 1,162 7,686 444,192 .770 
7/11 15,038 115 15,153 459,345 .796 
7 11 2 4,210 18,393 22,603 481,948 .835 
7/13 910 13,980 14,890 496,838 .861 
7/14 630 11,267 11,897 508,735 .882 
7/15 3,646 1,849 5,495 514,230 .89 1 
7/16 781 10,004 10,785 525,015 .910 
7/17 608 7,701 8,309 533,324 .924 
7/18 50 1 8,468 8,969 542,293 .940 
7/19 282 9,107 9,389 551,682 .956 
7/20 289 6,794 7,083 558,765 .968 
7/21 523 6,125 6,648 565,413 .980 
7/22 348 4,799 5,147 570,560 .989 
7/23 208 3,455 3,663 574,223 .995 
7/24 23 1 1,606 1,837 576,060 ,998 
7/25 3 5 890 925 576,985 1 .OOO 

After 7/25 0 0 0 576,985 1 .OOO 

Total 385,694 191,291 576,985 



Appendix Table  4e. Summary o f  t h e  d a i l y  and cumulat ive r e t u r n  o f  sockeye salmon 
f o r  t h e  Ch ign ik  Lake s tock  i n  1979. 

- - - - - - - -- - 

Date Escapement Catch Daily Cumulative Cumulative 
Return Return Proportion 

. - - - - - - - - - 

Prior 6/17 
6/17 
6/ 18 
6/ 19 
6/20 
6121 
6/22 
6/23 
6/24 
6/25 
6/26 
6/27 
6/28 
6/29 
6/30 

7/12 
7/13 
7/14 
7/15 
7/16 
7/17 
71 18 
7/19 
7/20 
7/21 
7/22 
7/23 
7/24 
7/25 
7/26 
7/27 
7/28 
7/29 
7/30 
7/31 
81 1 
81 2 
81 3 
81 4 
81 5 
81 6 
81 7 
81 8 
81 9 
8/10 
8/11 
8/12 

After 8/12 
-- - -  - -  - - 

Total 352,122 872,738 1,224,860 



Appendix Tab le  5a. C h i g n i k  d a i l y  sockeye salmon escapement, c a t c h  by area,  and t o t a l  r u n  a d j u s t e d  t o  C h i g n i k  
Lagoon d a t e  , 1 980. 

- --- 

Date Escapement Ct~ignik Hook Ray/ Aniakchdk Eastern Cdpe Western P e r r y v i l l e  Stepovdk Dai ly  
Lagoon Kujullk D i s t r i c t  Igvak D i s t r i c t  D i s t r l c t  T o t a l  

5/22 0 0 0 0 0 0 0 0 0 0 
5/23 0 0 0 0 0 0 0 0 0 0 
5/24 0 0 0 0 0 0 0 0 0 0 
5/25 0 0 0 0 0 0 0 0 0 0 
5/26 0 0 0 0 0 0 0 0 0 0 
5/27 0 0 0 0 0 0 0 0 0 0 
5/28 0 0 0 0 0 0 0 0 0 0 
5/29 0 0 0 0 0 0 0 0 0 0 
5/30 1,230 0 0 0 0 0 0 0 0 1,230 
5/31 9 4 0 0 0 0 0 0 0 0 94 
61 1 7 2 0 0 0 0 0 0 0 o 72 
61 2 42 0 0 0 0 0 0 0 0 4 2 
61 3 loo1 0 o o o o o o 0 100 
6/ 4 300 0 0 0 0 0 0 0 0 300 
61 5 500 0 0 0 0 0 0 0 0 500 
61 6 1 ,000' 0 0 o 0 0 0 0 0 1 ,000 
61 7 2 ,  oool o o o o 0 0 o o 2,000 
61 8 3 , 0 0 0 ~  0 0 0 0 0 0 0 0 3.000 
61 9 4 , 0 0 0 ~  0 0 0 0 0 0 0 0 4,000 
61 10 4 , 0 0 0 ~  0 0 0 0 0 0 0 0 4,000 
6/11 5,000' 0 0 0 0 I, 0 0 0 5,000 
6/12 5,000' 0 0 0 0 0 0 0 0 5,000 
6/13 12,180 0 0 0 0 0 0 0 0 12,180 
6/14 8,853 0 0 0 0 0 0 0 0 8,853 
6/15 5,340 0 0 0 0 0 0 0 0 5,340 
6/16 22,858 0 0 0 0 0 0 0 0 22,858 
6/17 38,801 0 0 0 0 0 0 0 U 38,801 
6/18 29,690 0 0 0 0 0 0 0 0 29,690 
6/19 27,071 0 0 0 0 0 0 0 0 27,071 
6/20 17,499 0 0 0 0 0 0 0 0 17,499 
6/21 16,266 0 0 0 0 0 0 0 0 16,266 
6/22 1,884 0 0 0 0 0 0 0 0 1,884 
6/23 10,000 0 0 0 0 0 0 0 0 10,000 
6/24 9,656 295 0 0 0 0 0 0 0 9,951 
6/25 10,499 0 0 0 0 0 0 0 0 10,499 

-Cont inued- 



Appendix Tab le  5a. C h i g n i k  d a i l y  sockeye salmon escapement, c a t c h  by area,  and t o t a l  r u n  a d j u s t e d  t o  Ch ign ik  
Lagoon da te ,  1980 ( c o n t i n u e d ) .  

Date Escapement Chignik Liook Hay/ Aniakchak Eastern Cape Western P e r r y v i l l e  Stepovak L)ai l y  
Lagoon Ku j u l i k  I l i s t r i c t  lgvak D i s t r i c t  U i s t r i c t  'Local 

6 ,214  0  0 0  0  0  0  0  0  6 , 2 1 4  E::: 17 ,939  0  0  0  0  0  0  0  0  1 7 , 9 3 9  
6 / 2 8  1 4 , 2 2 6  0  0  U 0  0  0  0  0  14 ,226  
6 / 2 9  8 , 3 4 4  0  0  0  0  0  0  0  0  8 , 3 4 4  
6 /  30 7 , 2 6 8  0  0  0  0  0  0  0 0  7 , 2 6 8  
7 /  1  26 ,737  322 0  0  0  0  0  0  0  27 ,059  
7 /  2  4 6 , 4 6 9  0  0  0  0 0  0  0  0  4 6 , 4 6 9  
7 /  3  1 4 , 0 2 6  0  0  0  0  0  0  0  0  1 4 , 0 2 6  
7 1  4  1 5 , 0 8 6  0  0  0  0  0  0  0  0 1 5 , 0 8 6  
7 /  5  24 ,259  357 0  0  0  0  0  0  0 24 ,616  
7 /  6  20 ,937  0  0  0  0  0  0  0  0  20 ,937  
7 1  7  2 1 , 3 4 3  0  0  0  0  0  0  0  0  2 1 , 3 4 3  
7 1  8  6 4 , 7 4 3  0  0  0  0  0  0 0  0  6 4 , 7 4 3  
7 / 9  20 ,177  7 8 , 6 9 0  0  0  0 0  0 0  0 98 ,867  
7 1  10  10 ,326  84 ,467  3 , 7 0 5  0  0  0  0  0  0  98.498 
7 / 1 1  5 , 5 2 6  4 6 , 5 1 9  7  35 2 , 5 5 1  0  0  0  0  0  55 ,331  
7 /  12 3 ,306  49,123 8 , 7 8 3  6  35 0 0  0  0  0  61 ,847  
7 / 1 3  4 , 6 5 0  31,277 19 ,196  2 , 0 6 9  0  0  0  0  0  57 ,192  
7 / 1 4  6 , 1 3 8  36 ,028  2 , 8 8 3  4 , 8 9 3  0 0  0  0  0  49 ,942  
7 / 1 5  2 ,736  31,920 2 ,272  4 , 3 1 2  0  0  0  0  0  4  1 , 2 4 0  
7 / 1 6  1 ,000  30,977 225 520  0 0 0 0 0 32 ,722  
7 / 1 7  2 ,832  28,457 4 , 1 5 0  9 , 8 2 8  0  0  0  0  0 45 ,267  
7 / 1 8  3,322 2 5 , 5 9 9  4 ,687  6 , 1 6 2  0  0  2 , 1 0 5  0  0  4 1 , 8 7 5  
7 /19  2 ,578  23.371 142 4 ,316  400 0  723  0  0  3 1 , 5 3 0  
7 / 2 0  1 ,194  2 0 , 5 9 3  4 , 6 5 4  2 , 4 2 1  0  0  5  0 0  2 8 , 8 6 7  
7 / 2 1  1 ,044  1 6 , 9 7 9  2 , 9 2 1  2 , 4 3 3  0  0  0  0  0  23,377 
7 / 2 2  1 , 4 4 6  1 3 , 9 8 9  1 , 4 0 1  2 , 5 9 4  0  0  0  0 0 1 9 , 4 3 0  
7 / 2 3  1 , 6 4 0  10 ,296  2 , 0 3 1  5 , 0 6 4  0  0  0 0  0  19,031 
7 / 2 4  2 , 2 9 8  9 , 5 2 3  575 4 ,327  0  0  0  0  0  16 ,723  
7 / 2 5  3 ,050  11 ,507  0  2 , 1 2 0  0  0  106 0  0  1 6 , 7 8 3  
7 / 2 6  4 ,270  227 0 0  0  0  1 , 0 9 6  0  0  5 , 5 9 3  
7 / 2 7  5 ,844  402 0  0  0  0 1 ,097  591 0  7 ,934  
7 / 2 8  2 ,156  8 , 9 2 8  0  0  0  0  6U3 984 0  1 2 , 6 7 1  
7 / 2 9  1 , 8 4 0  7 , 6 1 6  885 0  0  0  323 7  28 0  1 1 , 3 9 2  
7 / 3 0  2 , 1 5 9  7 , 8 6 3  1 , 4 0 4  1 , 2 9 0  0  449 390 422 0  13 ,977  



Appendix T a b l e  5a. C h i g n i k  d a i l y  sockeye salmon escapement, c a t c h  by  area,  and t o t a l  r u n  a d j u s t e d  t o  C h i g n i k  
Lagoon d a t e ,  1980 ( c o n t i n u e d )  . 

Date Escapement Chignik  Hook Bay/ Aniakchak E a s t e r n  Cape Western P e r r y v i l l e  Stepovak D a i l y  
Lagoon Kujul ik  D i s t r i c t  Igvak D i s t r i c t  D i s t r i c t  T o t a l  



Appendix Table  5a. Ch ign ik  d a i l y  sockeye salmon escapement, ca tch  by area, and t o t a l  r u n  ad jus ted  t o  Chignik 
Lagoon date,  1980 (con t inued)  . 

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western P e r r y v i l l e  Stcpovak Uai ly  
Lagoon Kujulik D i s t r i c t  Tgvak D i s t r i c t  D i s t r i c t  T o t a l  

91 4  0  0  0  0  0  0  0  0 0 0 

91 5 0  0 0 0 0  0 0 0 0 0 

91 6  0  0 0  0 0  0  0  0  0  0 
91 7  0 0 0 0  0 0  0  0  0  0  
91 8  0  2,817 0  0 0  0  0 0  0 2,817 
91 9  0  2,116 0  0 0  0  0 0  0  2,116 
9 / 1 0  0 1,396 0  0  0  0  0  0  0 1,396 
9 / 1 1  0 238 0 0 0 0  0  0 0  238 
9 / 1 2  0  475 0 0  0 0  0  0  0 475 
9 /13  0 150 0 0 0 0  0 0 0  150 
9 / 1 4  0 6  1 0 0  0 0  0 0 0  6  1 
9/15 0 0 0 0 0  0 0  0  0 0  
9 / 1 6  0 0  0  0 0 0  0 0 0 0 
9 /17  0  0  0 0  0 0  0  0  0  0 
91 18 0  0 0  0 0 0 0 0  0  0 
9 / 1 9  0  0  0 0 0 0 0 0 0 0 

9 / 2 0  0  0 0  0 0  0  0 0  0 0  
9 / 2 1  0  0  0  0  0  0 0  0  0  0 

9 / 2 2  0  0 0 0  0  0 0 0  0 0  
9 / 2 3  0 0  0  0  0  0 0 0  0  0  
9 / 2 4  0  0 0  0  0  0  0  0  0  0  
9 /25  0  0  0  0 0 0 0  0 0  0  
9 / 2 6  0  0  0  0  0  0 0 0  0  0 
9 / 2 7  0 0 0 0  0 0  0 0 0  0 
9 / 2 8  0  0  0  0 0  0  0  0  0 0 
9 / 2 9  0  0  0  0  0  0  0 0  0  0 
9 / 3 0  0 0 0  0  0 0  0  0 0  0 

T o t a l  664,061 708,828 71 ,149 63,499 927 449 9,277 6,366 0 1 ,524,4763 

Escapement est imated.  

P ro ra ted  f o r  an es t imated  escapement o f  50,000 i n  August. 

Does n o t  i n c l u d e  t h e  Stepovak ca tch  o f  98,247 f o r  which t h e r e  were no d a i l y  es t imates .  



Appendix Table  5b. Age composi t ion o f  sockeye salmon sca le  samples c o l l e c t e d  i n  Ch ign ik  Lagoon d u r i n g  1980, 
by pe rcen t  o f  sample. 

Age 
Sample Sample .......................................................................... 
Date S i z e  1.1 2.1 1.2 2.2 3.2 1 .3  2.3 3.3 1.4 2.4 O t h e r  



Appendix Table 5c. Age composition of sockeye salmon scale  samples collected a t  Black Lake ou t l e t  during 
1980, by percent o f  sample. 

Sample Sample 
Date Size 

.......................................................................... 
1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other  

Mean 0.10 0.22 19.08 2 . 4 2  0.0 36.57 40.93 0.0 0.0 0.05 0.12 



Appendix Tab le  5d. Summary o f  t h e  d a i l y  and c u m u l a t i v e  r e t u r n  of sockeye 
salmon f o r  t h e  B l a c k  Lake s t o c k  i n  1980. 

- --- - - 

Date Escapement Catch Daily Cumulative Cumulative 
Return Rerurn Proportion 

Prior 61 1 1,320 0 1,320 1,320 .003 
61 1 6 6 0 66 1,386 .003 
61 2 3 6 0 3 6 1,422 .003 
61 3 8 3 0 83 1,505 ,003 
61 4 231 0 231 1,736 ,004 
61 5 363 0 36 3 2,099 .005 
61 6 67 8 0 678 2,777 .006 
61 7 1,234 0 1.234 4,011 .009 
61 8 1,665 0 1,665 5,676 .O 12 
61 9 2,352 0 2,352 8,028 .017 
6/10 2,483 0 2,483 10,511 .023 
6/11 3,260 0 3,260 13,771 .030 
6/12 3,221 0 3,221 16,992 .036 
6/13 7,745 0 7,745 24,737 .053 
6/14 5,697 0 5,697 30,434 .065 
6/15 3,475 0 3,475 33,909 -073 
6/16 15,041 0 15,041 48,950 .lo5 
6/17 25,798 0 25,798 74,748 .160 
6/18 19,030 0 19,030 93,778 .201 
6/19 16,680 0 16,680 110,458 .237 
6/20 10,335 0 10,335 120,793 .259 
6/21 9,175 0 9,175 129,968 .279 
6/22 1,011 0 1,011 130,979 .281 
6/23 5,086 0 5,086 136,065 .292 
6/24 5,064 155 5,219 141,284 .303 
6/25 5,648 0 5,648 146,932 .315 
6/26 3,410 0 3,410 150,342 .323 
6/27 9,995 0 9,995 160,337 ,344 
6/28 8,013 0 8,013 168,350 .361 
6/29 4,729 0 4,729 173,079 .371 
6/30 4,126 0 4,126 177,205 .380 
71 1 15,139 183 15,322 192,527 .413 
71 2 25,208 0 25,208 217,735 .467 
71 3 7,269 0 7,269 225,004 .483 
71 4 7,446 0 7,446 232,450 .499 
71 5 11,363 167 11,530 243,980 .523 
7/ 6 9,593 0 9,593 253,573 .544 
71 7 9,554 0 9,554 263,127 .565 
71 8 28,275 0 28,275 291,402 .625 
7/ 9 8,584 33,481 42,065 333,467 .715 
7/10 4,275 36,501 40,776 374,243 .803 
7/11 1,585 14,282 15,867 390.110 .837 
7/12 778 13,786 14,564 404,674 .868 
7/13 1,057 11,936 12,993 417,667 .896 
7/14 1,147 8,175 9,322 426,989 .916 
7/15 408 5,744 6,152 433,141 .929 
7/16 132 4,182 4,314 437,455 .939 
7/17 318 4,765 5,083 442,538 .949 
7/18 384 4,449 4,833 447,371 .960 
7/19 315 3,549 3,864 451,235 .968 
7/20 162 3,770 3,932 455,167 .977 
7/21 155 3,347 3,502 458,669 .984 
7/22 178 2,231 2,409 461,078 .989 
7/23 161 1,713 1,874 462,952 .993 
7/24 185 1,172 1,357 464,309 .996 

After 7/24 61 1 1,172 1,783 466,092 1 .OOO 

Total 311,332 154,760 466,092 



Appendix Table 5e. Summary o f  t h e  d a i l y  and cumu la t i ve  r e t u r n  of sockeye 
salmon f o r  t h e  Ch ign ik  Lake s t o c k  i n  1980. 

Date Escapement Catch Daily Cumulative Cumulative 
Return Return Proportion 

- -- 

Prior 6 / 2 2  
6 / 3 2  
6 / 2 3  
6 / 2 4  
6 / 2 5  
6 / 2 6  
6 / 2 7  
6 /28  
6 / 2 9  
6 / 3 0  
7 1  1  
7 1  2  
7 1  3  
7 1  4  
7 /  5 
7 1  6 
7 /  7  
7 1  8 
7 1  9 
7 / 1 0  
7 / 1 1  
7 / 1 2  
7 / 1 3  
7/14 
7 / 1 5  
7 /16  
7 / 1 7  
7 / 1 8  
7 / 1 9  
7 / 2 0  
7 / 2 1  
7 /22  
7 / 2 3  
7 / 2 4  
7 / 2 5  
7 / 2 6  
7 / 2 7  
7 / 2 8  
7 / 2 9  
7 /30  
7 / 3 1  
8 1  1  
8/ 2  
8 /  3  
8 1  4  
8 1  5  
8 1  6 
8 1  7  
8 /  8  
8 1  9 
8 / 1 0  
8 / 1 1  
8 / 1 2  
8 / 1 3  
8 / 1 4  
8 / 1 5  
8 / 1 6  

After  8 / 1 6  

Total 



Appendix Table 6a. Chigni k d a i l y  sockeye salmon escapement, c a t c h  by a r e a ,  and t o t a l  run ad ju s t ed  t o  Chi gn i k  
Lagoon d a t e ,  1981. 

-------- - 
Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily 

Lagoon Ku j u l  ik District Igvak District District Total -------- 
5/22 0 0 0 0 0 0 0 0 0 0 
5/23 0 0 0 0 0 0 0 0 0 0 
5/24 36 0 0 0 0 0 0 0 0 36 
5/25 0 0 0 0 0 0 0 0 0 0 
5/26 54 0 0 0 0 0 0 0 0 5 4 
5/27 318 0 0 0 0 0 0 0 0 318 
5/28 91 1 0 0 0 0 0 0 0 0 91 1 
5/29 1,834 0 0 0 0 0 0 0 0 1,834 
51 30 7,773 0 0 0 0 0 0 0 0 7,773 
5/31 11,207 0 0 0 0 0 0 0 0 11,207 
61 1 10,409 0 0 0 0 0 0 0 0 10,409 
6/ 2 25,358 0 0 0 0 0 0 0 0 25,358 
6 1 3  38,460 0 0 0 0 0 0 0 0 38,460 
61 4 61,204 0 0 0 0 0 0 0 0 61,204 
6/ 5 90,963 0 0 0 0 0 0 0 0 90,963 
61 6 72,937 438 0 0 0 0 0 0 0 73,375 
61 7 31,832 0 0 0 0 0 0 0 0 31,832 
6/ 8 3,055 106,260 0 0 0 0 0 0 0 109.315 
61 9 5,926 56,508 0 0 0 0 0 0 0 62,434 
61 10 3,386 64,258 9,385 3,101 0 C 0 0 0 80,130 
6/11 1,993 47,797 2,050 8.457 0 0 0 0 0 60,297 
6/12 2,882 44,932 6,913 9,474 0 0 0 0 0 64,201 
6/13 23,332 520 5,635 5,061 0 0 0 0 0 34,548 
6/14 50,423 603 1,317 11,041 0 0 0 0 0 63.384 
6/15 5,698 51,337 0 8,581 0 0 0 0 0 6S,6 16 
61 16 817 37,820 5,191 0 0 0 0 0 0 43,828 
6/17 751 27,263 7,926 2,768 0 0 0 0 0 38.708 
6/18 4,320 29,484 11,725 4,510 0 16,773 0 0 0 66,812 
6/19 4,374 19,953 9,506 2,978 0 10,931 0 0 0 47.742 
6/20 12.992 0 3,018 6,119 0 0 0 0 0 22,129 
6/21 18,758 0 0 3,338 0 12,230 0 0 0 3.4 , 326 
6/22 26,765 0 0 0 0 15,027 0 0 0 41,792 
6/23 8,162 0 604 0 0 19,430 0 0 0 28,196 
6/24 1,332 50,766 0 0 0 19,252 0 0 0 71,350 
6/25 7,187 0 5,885 0 0 25,596 0 0 0 38,668 

-Conti nued- 



Appendix Tab le  6a. C h i g n i k  d a i l y  sockeye salmon escapement, ca tch  by area, and t o t a l  r u n  a d j u s t e d  t o  Ch ign ik  
Lagoon date,  1981 ( c o n t i n u e d ) .  

-- - - 

Date  Escapement Ch ign ik  Hook Bay/ Aniakchak E a s t e r n  Cape Western P e r r y v l l l e  Stepovdk Dai ly  
Lagoon K u j u l i k  D i s t r i c t  Igvdk D i s t r i c t  D i s t r i c t  T o t a l  

6 /26  22,805 0  C) 9 ,923  0  0  0  0  0 3 1 . 7 ~  
6/27 25 ,828 0  0  0  0  0  0  0 0  25 ,828 
6 /28  19,876 360 0  0  0  0  0  0  0  20 ,236 
6/29 25,489 0  0  0  0  0  0  0  0  25,489 
6 /30  23,822 0  0  0  0  0  0  0  0  23,822 
7 /  1  20,826 46,814 0  0  0  0  0  0  0  67 ,640 
71 2  7 ,7  13 35 ,343 6 ,588 0  0  0  0  0  0  49,644 
7 /  3  6 ,978  44,816 1 ,611 4 ,590 0  0  0  0  0  57,995 
7 /  4  17 ,196 0  5 ,322 1 ,170  0  0  0  3  0  23,691 
7 /  5  8 ,580  54 ,263 0  3 ,827 0  0  0  7  0  66 ,677 
71  6  2 ,646 39 ,733 9 ,207 0 0  16 ,794 0  329 0  68 ,709 
7/  7 1 ,745 45 ,641 4,869 3 ,356 0  16 ,350 10  308 0  72,279 
71 8  1.507 40 ,276 5 ,790 4 ,641  0  13 ,365 0  0  0  65 ,579 
7 /  9  1 , 6 0 3  43,662 5 ,226 4 ,444 0  27 ,708 0  0  0  82 ,643  
7 /10  1 ,790 41 ,354 12 ,885 3 ,086 0  54 ,930 1 ,321 0  0  115,366 
7 /11  2 ,439 32 ,309 13,877 4 ,606 0  0  753 0  0  53 ,984 
7 /12  1 ,530 22,874 15,115 0  0  0  0  0  U 39,519 
7 /13  1 ,374 30 ,343 23,259 2,754 0  0  0  0  0  57 ,730 
7 /14  1 ,962 38 ,184  19,024 4 ,949 0  0  0  0  0 64 ,119  
7 /15  3 ,963  17,771 7 ,310 3 ,281 0  0  0  0  0  32 ,325 
7 /16  2,632 23,360 12 ,672 5 ,051 0  0  0  0  0  43 ,715 
7 /17  2,476 17,170 21,860 5 ,328 0  0  187 0  0  47,021 
7/18 9 ,177 0  6 ,539 3.974 0  3 ,902 2,257 0  0  25 ,849 
7/19 9 ,174 4 ,501 0  741 0  8 ,920 1 ,175  172 0  24 ,683 
7 /20  1 ,824  22 ,485 41 1  0 0 9 ,960 156 25 0  34 ,861 
7/21 2 ,454  12 ,836 7 ,346 464 0  2,977 0  0  0  26,077 
7 /22  3 ,006 11 ,960 5 ,501 4.540 0  3 ,394 0  0  0  28 ,401 
7 /23  2 ,928 7,917 4 ,152 5 ,678 0  0  0  0  0  20 ,675 
7 /24  1 ,410 6 ,923  3,377 1 ,330 0 0 0 0  0  13 ,040 
7 /25  1 ,365 6 ,822 2,012 972 213 0  0  0  0  11,384 
7 /26  1 ,932 5 ,128 1 ,771  748 0  2 ,33  1  0  0  0  11 ,910 
7/27 1 ,632 9,117 3 ,183  3 ,439 2 1  1 , 468  0  67 0  18,927 
7 /28  1 , 5 7 3  10 ,711  1 ,680  1 ,236 2 6  1 ,209  0  0  0  16 ,435 
7/29 2 ,424  9 ,953 2 ,245 1 , 5 7 3  366 134 0  0  0  16,695 
7 /30  2 ,321 10 ,468 2 ,091 1 ,734 0  1,002 0  0  0  17,616 

-Continued- 



Appendix Table 6a. Ch ign ik  d a i l y  sockeye salmon escapement, ca tch  by area, and t o t a l  r un  ad jus ted  t o  Chign ik  
Lagoon date,  1981 (con t inued)  . 

- - - - - - - 

Date Escapement Chignik kook Bay/ Aniakchak Eastern Cape Western Perryville Stepovak Daily 
Lagoon Ku julik District Igvak District District Total 

7/31 1 , 6 1 3 ~  8,269 2,226 1,649 0 0 373 0 0 14,130 
81  1 1,613 0 1,055 3,324 0 0 1,188 228 0 7,408 
81 2 1,613 0 0 3,357 0 0 2,233 625 0 7,828 
81 3 1,613 10,285 0 0 0 0 0 967 0 12,865 
81  4 1,613 9,046 1,177 0 0 0 0 0 0 11,836 
81 5 1,613 6,852 622 2,967 0 0 0 0 0 12,054 
81  6 1,613 6,813 286 2 6 0 0 454 0 0 9,192 
81 7 1,613 6,489 424 2,191 64 0 2,844 162 0 13,787 
81 8 1,613 0 500 1,562 137 0 654 675 0 5,141 
81 9 1,613 0 0 1,173 702 0 423 323 0 4,234 
8/10 1,613 10,250 0 0 2 7 0 80 208 0 12,178 
8/11 1,613 5,140 285 0 0 0 0 0 0 7,038 
81 12 1,613 3,565 84 1,243 0 0 2 0 0 6,507 
8/13 1,613 6,550 1,169 0 14 0 176 158 0 9,680 
8/14 1,613 8,307 1,166 1,108 2 5 0 105 191 0 12,515 
8/15 1,613 0 1,636 7 34 6 0 127 626 0 4,742 
8/16 1,613 0 0 34 7 3 5 0 174 579 0 2,748 
8/17 1,613 7,070 0 0 0 0 59 667 0 9,409 
8/18 1,613 4,745 1,022 0 0 0 0 0 0 7,380 
8/19 1,613 4,072 384 138 0 0 0 97 0 6,304 
8/20 1,613 1,440 1,356 122 0 0 0 0 0 4,531 
8/21 1,613 1,628 4 63 0 0 0 0 0 3,308 
8/22 1,613 0 0 0 0 0 0 0 0 1,613 
8/23 1,613 0 0 0 0 0 0 0 0 1.613 
8/24 1,613 5,598 0 0 0 0 0 0 0 7,211 
8/25 1,613 3,251 385 0 0 0 0 0 0 5,249 
8/26 1,613 1,704 0 0 0 0 0 0 0 3,317 
8/27 1,613 1,573 0 0 0 0 0 0 0 3,186 
8/28 1,613 0 0 0 0 0 0 0 0 1,613 
8/29 1,613 0 0 0 0 0 0 0 0 1,613 
8/30 1,610 0 0 0 0 0 0 0 0 1,610 
8/31 0 0 0 0 0 0 0 0 0 0 

Total 831,449 1,343,680 287,859 172,867 1,636 283,683 14,751 6,417 0 2 , 9 4 ~ , 3 4 2 ~  

1 Prora ted  f o r  an est imated escapement o f  50,000 i n  August. 

Does n o t  i n c l u d e  t he  Stepovak ca tch  o f  118,000 f o r  which t he re  were no d a i l y  est imates.  



Appendix Tab le  6b. Age compos i t i on  o f  sockeye salmon s c a l e  samples c o l l e c t e d  i n  C h i g n i k  Lagoon d u r i n g  1981, 
by p e r c e n t  o f  sample. 

Age 
Sample Sample .......................................................................... 
Date S i z e  1.1 2.1 1 .2  2.2 3 . 2  1.3 2.3 3 .3  1.4 2.4 O t h e r  



Appendix T a b l e  6c. Age c o m p o s i t i o n  of  sockeye salmon s c a l e  samples c o l l e c t e d  a t  B l a c k  Lake o u t l e t  d u r i n g  
1981 , b y  p e r c e n t  o f  sample. 

Sample Sample 
D a t e  S i z e  

Age .......................................................................... 
1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other 

Mean 0.0 0.0 9.60 1.22 0.0 75.20 13.13 0.0 0.0 0.0 0.85 



Appendix Tab le  6d. Summary o f  t h e  d a i l y  and c u m u l a t i v e  r e t u r n  of sockeye 
salmon f o r  t h e  B lack  Lake s t o c k  i n  1981. 

Date Escapement Catch Daily Cumulative Cumulative 
Return Return Proportion 

Prior 5/31 9,773 0 9,773 9,773 .UbB 

5/31 9,706 0 9,706 19,479 .O 17 
h! 1 8,817 0 8,817 28,296 .024 
b/ 2 20,995 0 20,995 49,291 .04 3 
61 3 31,105 0 31,105 80,396 .069 
h! 4 47,323 0 47.323 127,719 .I10 
6 1  5 67,104 0 67,104 194.823 .168 
b/ 6 51,219 309 51,528 246,351 ,213 
61 7 21,227 0 21,227 267,578 .231 
6 1  8 1,930 67,098 69,028 336,606 .291 
b/ 9 3,440 32,797 36,237 372,843 .322 
6/10 1,796 40,694 42,490 415,333 .359 
6/11 958 28,047 29,005 444,338 .384 
61 11 1,362 28,987 30,349 474,687 .410 
6/13 10,843 5,212 16,055 490,742 .424 
61 16 23,037 5,922 28,959 519,701 .449 
b/ 15 2,561 26,925 29,486 549,187 .474 
6/16 395 20,764 21,159 570,346 .493 
6/17 388 19,533 19,921 590,267 .510 
6/18 2,244 32,452 34,696 624,963 .540 
6/19 2,308 22.891 25,199 650,162 .562 
61'20 6,685 4,701 11,386 661,548 .572 
6/21 9,401 7,803 17,204 678,752 .586 
6/22 13,044 7,325 20,369 699,121 -604 
6/23 3,815 9,365 13,180 712,301 .615 
6/24 603 31,786 32,389 744,690 .643 
6/25 3,156 13,825 16,981 761,671 .658 
6/26 9,724 4,229 13,953 775,624 .670 
6/27 10,734 0 10,734 786,358 .679 
6/28 8,086 145 8.231 794,589 .686 
6/29 10,357 0 10,357 804,946 .695 
6/30 9,703 0 9,703 814,649 .704 
7/ 1 8,530 19,172 27,702 842,351 .728 
7/ 2 2,876 15,639 18,515 860,866 -744 
7/ 3 2,344 17,130 19,474 880,340 .761 
71 4 6,120 2,313 8.433 888,773 .768 
71 5 3,206 21,709 24,915 913,688 .789 
7/ 6 1,030 25,703 26,733 940,421 .812 
71 7 652 26,297 26,949 967,370 .836 
7/ 8 536 22,782 23,318 990,688 .856 
71 9 54 1 27,333 27,874 1,018,562 .880 
7/10 553 35,117 35,670 1,054,232 .911 
7/11 685 14,476 15,161 1,069,393 .924 
7/12 388 9,585 9,973 1,079,366 .932 
7/13 327 13,440 13,767 1,093,133 .944 
7/14 440 13,966 14,406 1,107,539 .957 
7/15 835 5,979 6,814 1,114,353 .963 
7/16 517 8,096 8.613 1,122,966 .970 
7/17 454 8,162 8,616 1,131,582 .978 
7/18 1,554 2,825 4,379 1,135,961 .981 
7/19 1,427 2,411 3,838 1,139,799 .985 
7/20 258 4,683 4,941 1,144,740 .989 
7/21 313 3,021 3,334 1,148,074 .992 

After 7/21 1,115 8,330 9,445 1,157,519 1 .OOO 
I 

Total 438,540 718,979 1,157,519 



Appendix Table  6e. Summary o f  t he  d a i l y  and cumulat ive r e t u r n  o f  sockeye 
salmon f o r  t h e  Ch ign ik  Lake s tock  i n  1981. 

- - -- - - - - - - 

Date Escapement Catch Dai ly  Cumulative Cumulative 
Re tu rn  Return P ropo r t  i on  

P r l o r  6 /  10 89 ,638 63,002 152,640 152,640 .086 
6 /  10 1 ,590 36,050 37,640 190,280 . lo7  
6 /11  1,035 30,257 31,292 221,572 .124 
6 /11  1,520 32,332 33,852 255,424 .143 
6 /13  12,489 6,004 18 ,493 273,917 . I53  
6/14 27,386 7,039 34,425 308,342 .173 
6 /15  3,137 32,993 36 ,130 344,472 .193 
6/16 422 22,247 22,669 367.141 .206 
6 /17  363 18,424 18 ,787 385,928 .216 
6/18 2,076 30,040 32,116 418,044 ,234 
6 /19  2 ,066 20,477 22 ,543 440,587 .247 
6/20 6,307 4 ,436 10 ,743 451,330 .253 
6 /21  9 ,357 7 ,765 17 ,122 468,452 .262 
6/22 13,721 7,702 21 ,423 489,875 .274 
6 / 2 3  4,347 10,669 15,016 504,891 .283 
6/24 729 38,232 38,961 543,852 .305 
6 /25  4,031 17,656 21,687 565,539 .317 
6/26 13,081 5,694 18 ,775 584,314 .327 
6 /27  15,094 0 15 ,094  599,408 .336 
6 /26  11,790 215 12 ,005 611.413 .343 
6 /29  15,132 0 15 ,132 626,545 .351 
6 /30  14,119 0 14,119 640,664 .359 
71  1 12,296 27,642 39 ,938 680,602 .381 
71  2 4,837 26,292 31,129 711,731 .399 
71 3 4 ,634 33,887 38,521 750,252 .420 
71  4 11,076 4,182 15,258 765,510 .429 
7 /  5 5 ,374  36,388 41,762 807,272 ,452 
71 6 1,616 40,360 41 ,976 849,248 .476 
71 7 1 ,093  44,237 45.330 894,578 .501 
71 8 97 1 41,290 42,261 936,839 .525 
71  9 1 ,062 53,707 54,769 991,608 .556 
7/10 1,237 78,459 79,696 1,071,304 .600 
7 / 1 1  1 ,754 37,069 38 ,823 1,110,127 .622 
7/12 1,142 28,404 29,546 1,139,673 .639 
7 /13  1,047 42,916 43 ,963 1,183,636 .663 
7 /14  1 ,522 48,191 49,713 1,233,349 .691 
7 /15  3 ,128 22,383 25 ,511 1 ,258,860 .705 
7/16 2,115 32,987 35 ,102 1,293,962 .725 
7/17 2,022 36 ,383 38,405 1,332,367 .746 
7/18 7 ,623 13,847 21,470 1,353,837 .759 
7 /19  7,747 13 ,098 20,845 1,374,682 .770 
7/20 1,566 28,354 29 ,920 1,404,602 .787 
7 / 2 1  2 ,141 20,602 22 ,743 1 ,427,345 -800 
7/22 2,664 22,503 25,167 1,452,512 .814 
7 /23  2,635 15 ,974 18,609 1,471,121 -824 
7/24 1,289 10 ,632 11 ,921 1,483,042 .831 
7 /25  1,267 9 ,300 10,567 1,493,609 .837 
7/26 1 ,821 9,407 11 ,228 1,504,837 .843 
7 /27  1 ,562 16,550 18,112 1,522,949 .853 
7 /28  1 ,528 14 ,435 15 ,963 1,538,912 .862 
7 /29  2,389 14,066 16,455 1,555,367 .871 
7/30 2,321 15,295 17,616 1 ,572,983 .881 
7 /31  1 ,613  12,517 14 ,130 1 ,587,113 .889 
8 1  1 1 ,613  5 ,795 7 ,408 1,594,521 .893 
81  2 1 ,613  6,215 7 ,828  1,602,349 .a98 
8 1  3 1 ,613  11,252 12 ,865 1,615,214 .905 
8 1  4 1 ,613  10,223 11 ,836 1,627,050 .912 

Af ter  8 /  4 41,935 115,838 157,773 1,784,822 1 .OOO 

T o t a l  392,909 1 ,391,914 1 ,784,823 



Appendix T a b l e  7a. C h i g n i k  d a i l y  sockeye salmon escapement, c a t c h  by  area,  and t o t a l  r u n  a d j u s t e d  t o  C h i g n i k  
Lagoon d a t e ,  1982. 

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Cap Western k r r y v i l l e  S te~ovak  Daily 
Lagoon Ku jul ik  D i s t r i c t  I q a k  D i s t r i c t  D i s t r i c t  Total 



Appendix Tab le  7a. C h i g n i k  d a i l y  sockeye salmon escapement, c a t c h  by area,  and t o t a l  r u n  a d j u s t e d  t o  Ch ign ik  
Lagoon da te ,  1982 ( c o n t i n u e d ) .  

Date Escapent  Chignik Hook Bay/ Rniakchak Eastern Cape Western b r r y v i l l e  Stepovak Daily 
Lagoan Kujulik D i s t r i c t  Igvak D i s t r i c t  D i s t r i c t  Total 



Appendix T a b l e  7a. C h i g n i k  d a i l y  sockeye salmon escapement, c a t c h  by area,  and t o t a l  r u n  a d j u s t e d  t o  C h i g n i k  
Lagoon da te ,  1982 ( c o n t i n u e d )  . 

Date Escapment Chignik Hook Bay/ Aniakchak Eastern Cape Western Per ryv i l l e  S t e p v a k  Daily 
Lagoon Kujul i k  D i s t r i c t  Igvak D i s t r i c t  D i s t r i c t  Total 

-- 
a/ 2 1,613 0 923 7 26 0 0 1,008 2 0 4,272 
8/ 3 1,613 6,586 994 610 0 0 1,179 10 0 10,992 
8/ 4 1,613 4,503 4 95 824 0 0 1,377 0 0 8,812 
8/ 5 1 , 6 U  4,511 557 0 0 0 1,294 16 5 0 8,140 
8/ 6 1,613 522 1,833 1,8 27 0 0 1,320 23 0 7,138 
8/ 7 1,613 0 0 890 0 0 3 26 39 0 2,868 
8/ 8 1,613 0 0 0 83 0 0 19  0 1,715 
8/ 9 1,613 8,355 0 0 0 0 0 0 0 9,968 
P/10 1,613 4 , 208 0 0 0 0 0 0 0 5,8 21 
8/11 1,613 4,209 882 1,442 0 0 824 0 0 8,970 
8/12 1,613 89 97 96 0 0 819 10 0 2,724 
8/13 1,613 604 7 24 201 4 894 1,098 20 0 5,158 
8/14 1,613 0 1,852 901 0 0 866 46 0 5,278 
8/15 1,613 0 0 3 20 0 0 1,117 6 0 3,056 
8/16 1,613 6,922 0 0 1 0 0 0 0 8,536 
8/17 1,613 6,584 57 4 0 - 0  0 90 0 0 8,861 
8/18 1,613 5,393 477 506 0 0 131 0 0 8,120 
8/19 1,613 0 203 635 2 0 245 0 0 2,698 
8/ 20 1,613 3,675 0 425 0 0 0 0 0 5,713 
8/ 21 1 , 6 U  2,693 0 0 0 0 0 0 0 4,306 
8/22 1 , 6 U  1,286 0 0 0 0 0 0 0 2,899 
8/ 23 1,613 10,742 0 0 0 0 0 0 0 12,355 
8/24 1,613 5,469 0 1,934 0 0 0 0 0 9,016 
8/25 1 , 6 U  9,250 208 220 0 0 42 0 0 11,333 
8/26 1,613 7,125 0 67 4 0 0 0 0 0 9,412 
8/ 27 1 ,6U 7,666 63 394 0 0 0 0 0 9,736 
8/28 1,613 800 0 23 9 0 0 11 0 0 2,663 
8/29 1,613 13 1 0 0 0 0 0 0 0 1,744 
8/30 1,610 19,840 0 0 0 0 0 0 0 21,450 
8/31 0 7,960 0 0 0 0 0 0 0 7,960 
9/ 1 0 9,763 0 0 0 0 0 0 0 9,763 
9/ 2 0 5,8 58 0 10 0 0 42 0 0 5,910 
9/ 3 0 7,859 0 541 0 0 9 18 1 0 8,590 
9/ 4 0 10,059 0 17 4 0 0 0 28 4 0 10,517 
9/ 5 0 5,397 0 330 0 0 0 0 0 5,727 
9/ 6 0 4,055 0 0 0 0 0 132 0 4,187 

- C o n t i  nued- 



Appendix Table  7a. Ch ign ik  d a i l y  sockeye salmon escapement, c a t c h  by area, and t o t a l  r u n  a d j u s t e d  t o  Ch ign ik  
Lagoon date,  1982 ( c o n t i n u e d ) .  

Date Escapement Chignik Hook Bay/ Aniakchak Eastern Ca~e Western krryville S t e ~ v a k  Daily 
Lagoon Ku jul ik  D i s t r i c t  Igvak D i s t r i c t  D i s t r i c t  Total 

9/ 7 0 3,868 0 0 0 0 0 125 0 3,993 
D/ 8 0 3,966 0 0 0 0 0 0 0 3,966 
9/ 9 0 2,995 0 25 0 0 0 0 0 3,020 
9/10 0 2,855 0 108 0 0 0 0 0 2,963 
9/11 0 2,221 0 76 0 0 0 0 0 2,297 
9/12 0 987 0 0 0 0 0 0 0 98 7 
9/13 0 1,060 0 G 0 0 0 0 0 1,060 
9/14 0 1,306 0 0 0 0 0 0 0 1,306 
9/15 0 535 0 i~ 0 0 0 0 0 53 5 
9/16 0 1,037 0 C: 0 0 0 0 0 1,037 
9/ 17 0 6 23 0 (1 0 0 0 0 0 6 23 
9/ 18 0 1,354 0 LL 0 0 0 0 0 1,354 
9/19 0 1,675 0 0 0 0 0 0 0 1,675 
9/ 20 0 1,042 0 0 0 0 0 0 0 1,042 
9/ 21 0 6 57 0 C 0 0 0 0 0 6 57 
9/22 0 1,242 0 0 0 0 0 0 0 1,242 
9/ 23 0 1,408 0 i? 0 0 0 0 0 1,408 
9/24 0 1,099 0 0 0 0 0 0 0 1,099 
9/25 0 227 0 '1 0 0 0 0 0 227 
9/ 26 0 57 9 0 0 0 0 0 0 0 57 9 
9/ 27 0 0 0 0 0 0 0 0 0 0 
9/ 28 0 0 0 0 0 0 0 0 0 0 
9/ 29 0 89 0 C 0 0 0 0 0 89 
9/30 0 0 0 ( I  0 0 0 0 0 0 

Total 837,718 1,400,770 41,988 34,032 421 168,281 30,258 1,114 0 2,514,582 2 



Appendix Tab le  7b. Age c o m p o s i t i o n  o f  sockeye salmon s c a l e  samples c o l l e c t e d  i n  C h i g n i k  Lagoon d u r i n g  1982, 
by p e r c e n t  of sample. 

Age 
Sample Sample .......................................................................... 
Date Size 1.1 2.1 1 .2  2.2 3.2 1 . 3  2 .3  3.3 1.4 2.4 Other 



Appendix Tab le  7c. Age compos i t i on  of  sockeye salmon s c a l e  samples c o l l e c t e d  a t  B lack  Lake o u t l e t  d u r i n g  
1982, by  p e r c e n t  o f  sample. 

Age 
Sample Sample .......................................................................... 
Date Size 1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other 

6 / 2 2  182 0.0 0.0 4.9 1.7 0.0 81.3 10.4 0.0 0.0 0.0 1.7 
6 / 2 6  226 0.0 0.0 4.4 0.0 0.0 76.1 15.1 0.0 0.0 0.0 4.4 

7 1  3 31 1 0.0 0.0 2.3 0.0 0.0 81.0 12.5 0.0 0.0 0.0 4.2 

7 1  6 259 0.0 0.0 2.3 .8 0.0 84.2 9.2 0.0 0.0 0 .0  3.5 

Mean 0.0 0.0 3.48 0.62 0.0 80.65 11.80 0.0 0.0 0.0 3.45 - 



Appendix Table 7d. Summary o f  t h e  d a i l y  and cumulat ive r e t u r n  o f  sockeye salmon 
f o r  t h e  B lack Lake s tock  i n  1982. 

Date Lscapement Catch Daily Curnulatlve Cumulative 
Return  Return  P r o p o r t i o n  

Prlor b /  9 3,787 0 3,787 3,787 .002 
b /  9 14,142 0 14,142 17,929 .O 10 
6 /10  9 ,556  0 9 ,556 27,485 .015 
6 /11  21,182 0 21,182 48,667 .026 
6 /12  10,634 0 10,634 59,301 .032 
6 /13  39 ,650 0 39,650 98,951 .053 
6 /11  66 ,515 0 66,515 165,466 .Ob9 
6 /15  38,689 0 38,689 204,155 . l o9  
6116 72,497 0 72,497 276,652 .148 
6/17 148,087 0 148,087 424,739 .227 
6 /18  37 ,109 293,238 330,347 755,086 .404 
6 /19  5 ,291 99,417 104,708 859,794 .460 
6 /20  12,104 111,721 123,825 983,619 .527 
6 21 4 ,681  98,786 103,467 1 ,087,080 .582 
6/22 3 ,099 53,708 56,807 1 ,143,893 .613 
6 /23  11,775 63,427 75,202 1 ,219,095 .653 
6 /24  9,197 95,384 104,581 1 ,323,676 .709 
6125 3,032 80,066 83,098 1 ,406,774 .753 
6 / 2 6  1 ,996 82 ,179 84,175 1,490,949 .798 
61 27 7 ,850 77,703 85 ,553 1,576,502 .844 
6 /26  6 ,559 60,486 67,045 1 ,643,547 .880 
6/29 5 ,069 43,397 48,466 1 ,692,013 .906 
6 /30  2 ,068 32,776 34,844 1,726,657 .925 
il' 1 3 ,419 1 ,600 5,019 1,731,876 .927 
71  2 24,109 122 24,231 1 ,756,107 .940 
71 3 15 ,480 608 16,088 1,772,195 .949 
71 4 15 ,901 6 6 15,967 1,788,162 .958 
7/  5 7 ,479 2,405 9,884 1,796,046 .963 
71 6 6 ,896 0 6,896 1 ,804,942 .967 
71 7 1,807 32,164 33,971 1 ,838,913 .985 
I 4 1 ,097  8 052 9,149 1 ,848,062 .990 
7 /  9 989 6 ,315 I ,  304 1,855,360 .994 
7 /10  137 5 ,720  5 ,857 1 ,861,223 .997 
7/11 131 603 7 3 1  1 , €61  ,95? .997 
7 /12  240 106 346 1 ,862,303 .997 
7/13 197 364 561 1 ,862,864 .998 
7 /14  165 382 547 1 ,863,411 .998 
7/15 536 204 740 1 ,864,151 .998 
7/16 258 50 308 1,864,459 .998 
7/17 522 0 522 1 ,864,981 .999 
7 /18  607 0 607 1 ,865,588 .999 
7/19 348 0 348 1 ,865,936 .999 

A f t e r  7 /19  1 ,230 156 1,386 1 ,867,322 1 .OOO 

T o t a l  616,117 1 ,251,205 1 ,867,322 



Appendix Table 7e. Summary o f  t h e  d a i l y  and cumu la t i ve  r e t u r n  o f  sockeye salmon 
f o r  t h e  Ch ign ik  Lake s t o c k  i n  1982. 

Date Escapement Catch Dai ly  Cumulative Cumulative 
Return Return Proportion 

Prior 6 / 1 8  
6 / 1 8  
6 / 1 9  
6/2C 
6 / 2 1  
6 / 1 2  
6 / 2 3  
611;  
6 / 2 5  
6 / 2 6  
6 / 2 7  
6 / 2 8  
6 / 2 9  
6 / 3 0  
7 1  1  

7 / 2 6  
7 / 2 7  
7128 
7 / 2 9  
7 / 3 0  
7 / 3 1  
8 1  1 
8 1  2  
8 1  3 
8 1  4 
8 1  5 
8 1  6  
81  7  
8 1  8  
81  9  
8 / 1 0  
6 / 1 1  
6 / 1 2  

After 8 / 1 2  

Total 221 ,601  425 ,659  6 4 7 , 2 6 0  



Appendix Table 8. Scale  cha rac t e r s  examined f o r  t he  in-season l i n e a r  d i s -  
cr iminant  funct ion analyses .  

F i r s t  l a c u s t r i n e  annu la r  zone 

Charac te r  D e f i n i t i o n  

1 d i s t a n c e  from t h e  s c a l e  focus  t o  t h e  f i r s t  c i r c u l u s  i n  t h e  
zone 

2 d i s t a n c e  form t h e  s c a l e  focus  t o  t h e  f i f t h  c i r c u l u s  i n  t h e  
zone 

3 t h e  r a t i o  of t h e  d i s t a n c e  between t h e  f i r s t  c i r c u l u s  b e f o r e  
t h e  end of t h e  zone and the  end of t h e  zone t o  t h e  width of 
t h e  zone 

4 d i s t a n c e  between c i r c u l i  2 and 3 

5 d i s t a n c e  between c i r c u l i  3 and 4 

6 t h e  r a t i o  of c h a r a c t e r  5 t o  t h e  width of t h e  zone 

7 d i s t a n c e  between c i r c u l i  1 and 5 

8 f i r s t  c i r c u l u s  of t h e  widest  p a i r  i n  t h e  zone 

Second l a c u s t r i n e  a n n u l a r  zone 

1 d i s t a n c e  from t h e  end of t h e  f i r s t  l a c u s t r i n e  annulus  t o  
t h e  f i r s t  c i r c u l u s  i n  t h e  zone 

2- 4 d i s t a n c e  between every  consecu t ive  p a i r  of c i r c u l i  between 
t h e  second and f i f t h  c i r c u l i  i n  t h e  zone 

5- 6 d i s t a n c e  between every  second c i r c u l u s  between t h e  second 
and f i f t h  c i r c u l i  i n  t h e  zone 

7 d i s t a n c e  between c i r c u l i  2 and 5 
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